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ROCHESTER. 


S team 
Road Reters & TP eotars: 


A. G. M wmiord, L- 


CULVER STREET WORKS, COLCHESTER. 
Ow ApMrRaLTy awp War OFFice Lists, 
ENGINES for Torpedo Boats, Yachts, Launches. 
BOLLER FEED PUMPS. 

See Advertisement, pages 33 and 84. 


ATENT WATBR-TUBE BOILERS 
‘3 AUTOMATIC FEED REGULATORS. 


lied té the 
oe ans ee 2179 
PRvbber 


MANUFACTURERS. 
Conveyor Belts 








GUTTA PBROHA & RUBBER, LIMITED, 





Toronto Canada. 8510 
(\ranes. .—Electric, Steam, 
BEPSARELS ose HAND, 

nd sizes. 
GEORGE Use SLL & 00O,., Lrp., 
Motherwell, near Glasgow. 8207 





STEEL TANKS, PIPES, GASHOLDERS, &c. 
FT thos. Piggott & Co., Limited, 
INGHAM, 711 
See Advertisement last week, page 121. 


Plenty and 


Limrrep 
MARINE ENGINEERS, 
Newsury, Bve.anp. 
ank Locomotives. 
Cpedtention ond Verenateyeeel to 


R.& W. HAWTHORN, LESLIE & OO., Lop., 
EvGiveErs, NEWCASTLE-ON-TYRE. 





on, 
&c. 








MULTITUBULAR AN 

(Cochran OROSS-TUBE TYPES. 
Boers 

See page 17, 8205 





Petter Qt K ngines. 


; 3501 

___ PBTTBRS Li«rrep, Bugineors, Yeovil, 

66 ¥ Yi ” 
Se H opwood” Patent 


Sole Mak Boilers. See page 15. 
8421 





SPENCER - BONECOURT, Lrp., 








SPEEDS UP TO 45 MILES AN HOUR. 
PADDLE OR SCREW 8 BRS OF 
EXCEPTIONAL SmaLLow Draveurr. 


Repairs on Pacific Coast 
by YARROWS, LIMITED, Victoria, British 
Columbia, 
SHIPBUILDERS, SHIP REPAIRERS AND Byeprerns. 


(\ampbells & Her, L 4. 
Gear Cutting. 


Werm Wheels cut up to 18 ft. diam. 
Beveland Mitre Wheels planed up to 3 ft. diam. 
Spur Wheels cut up to 9 ft. diam. 

DOLPHIN FOUNDRY, LEEDS, 4547 


You: Launches or Barges 

















MILLWALL, LORDee, | BR. 1216 
OonsTRUCTIONAL 


General 


Boilers, Tanks,& Mooring Buoys 


Sritts, Perrot Tawxs, Arm Receivers, Steet 
Cupaveys,RIvereDp ST24M AND VENTILATING PiPxs. 
Soormm, Sree Work, rencaac or ALL Kuvps. 


G tewarts and Levds. Li 
Glasgow and Birmingham. 








(T'ubes and Fittings.| Y 


FEED WATER HMA 
CALORI 
CONDENSINS, atk B 
STBA GAS EETT 
Merrill's * Patent TWIN STRAIN 
SYPHONIA ASTHAM E THAPS REDUCING VALVES 
Bi BTAL STEAM FITTIN 
TER SOFTENING and FILTERING, 8128 


arrow Patent 
WV ater-tube 


“HVAPORATORS, Row's 
Parents 





Mesers. YARROW & OO., UN 
PRESSING and MACHINING of the various 
of Yarrow Bollers, such as the Steam eae 
Pockets, and Superheaters for — 

Firms not ha OO ur necessary faci iio 

YARROW & ., ScoTsTouR, GLASGOW, 


Matthew pa & Ce L* 











Built complete with » Ol or on pe. 
Machinery Advertisement page 78. 8187 EVENFO ouxs um 
YOSPHR £00. Len. Babe raner, Ponrsqours. OAEBOR : Gee Pull Page Advs., page 80, Nov, “ ty 
=. COz  Pisnts (ross)! Forgings 
Fop orgings for Chemical Wks., Minoal Water Mfre., Breweries, pe 
GARTSHEREIN ENGINEERING & FORGE CO. Me. Oo., kta i London, N. 18. 7806 W alter ge Limited, 
: — Die. Finished astings . 
rapid production and reduce 


Q” FUBL APPLIANOBS. 
Systema 
PREsSURE, Arn, Srram 
For Boilers of ali types. 
ZuBNCP ES LIMITED, 
35, 70 temo Dale . 
vel ; 
Messrs. Bucknat, & RicHzs, 
8, So . ae, London, 
Telephone No.: ‘Museum 6684. 
Naval Outfits a Speciality. 





ocomotives Tank 


RAILWAY AND TRAMWAY ROLLING STOCK. 
= H= Nelson & (Co: L*. 


TuE ouecer ae Srock anp Piast phy a 
MorHERWELL. 


The (\ambridge and paul 
[»strument Ce L{4- 


Manufacturers of Mechanical and Blectrical 
MaRS A of Precision. 





45, GRosvanon PLacM, LONDON, 8.W. 1. 
Works: London and Cambridge. 81 





Henry Butcher & Co.,, 


al J 


Grtce tor hucerations to Gehnanava she RNERAL 
Mre. Co., Ltd., Bam London, N. 18. T3896 


onton. 
Fo Sale— 


RIVEN 
PLANING. TA CHINE 
T oe =o 10. ft., f Tool Bo: 
r Obndition he Makers, Buskton & Oo. ait 
Bs me Sestioatedk from— 
Le ales & & CO., Lr, 
vaunted 
ment. —Maxted & Knott, 
Consulting Cement Engineers, ADVISE 








GUNBRALLY on Proposed Cement Schemes FOR 
ENGLAND AND ROAD. ADVICE ONLY. 
est references. 1890. 
Address, BunweTt Averur, HULL. 
Cablegrams : “ Energy, Hull.’ 7991 





CHANTIERS & ATELIERS 


A ugustih- Normand 
6, de Perrey—LE HAVRE 
yg (France). ; 
nama ~ Boats, Yach' od Fast Boats, 
nnd Submersible Boats, 


NORMAND P Patent Water-tube Bollers, Coal or Ot! 
Diese! Oil Engines, 


=r ADMIRALTY LIST 


ohn Kirkaldy, Ltd., 


London Office: 101, LzapEenna.t 6Sr., B.C. Pf 
Works: Burwr Mr, near Hantow, Essex. 





H=4 W “Tighteon & Co 








LIMITED, 
See Advertisement page 88. 2402 
(Taylor & (Shallen 
Presses 
8195 


TAYLOR&CHALLEN,L»., Engineers, BinMingmam, 
See Pull Page Advertisement page 59, Noy. 12, 


Diesel. Engines, Six Cylin er, 
two and four stroke, 850, 1 1200 HP, 
Excellent condition. Dynamos for above 250 or 606 
Volts, D.C. Immediate delivery and Suites 

Also 2-600 Kw. PARSONS T INES 250 or 
500 Volts, D.C., with aioe and spare 

oan ICALLY DRIVEN AIR - 

RESSORS, 250 Volts, D.C. Pressures 1600 to 
5000 lbs, per square inch. 

JENNINGS, 


West Walls, Newcastie-on-T . B88 
sséo | ABRIAL RUPHWAYS, CABLEWAYS, CLANS, 


Gteel ((astings. 


$181 
i ee advertisement fourth week, 
en HENDERSON & OO., Aberdeen, 


E. J. Davis, M.I Mech.E., 
= En, 


_. To Tested 


Tiana 13 tenttord. Wires ae 














Parliament Mansions, Victoria St., London, 8.W. ved hi d En i 
2 Bvaporating and Distilling Plants. achine an D ineering 

VALUBRS axp AUCTIONEBRS Ret and lee Mating Machin: Me desert ‘ndertaken 
[2vincible. (Lange ( \ lasses. to the Feed Water Heaters. 4 itanutacturers, Patontoes, we retary and 

Best ag moderate c — 
BUTTERWORTH BROS., Ltd., ALSO FOR Feed sl aa PAT - Rosser & RUSSELL, 
Newton Heath Glass Works, PLANT snp MACHINERY. 8134 ae Mare wrey + | we-teed Pumps. areprepared ‘tonaarata themanstan wool @ toles 
Manchester. Od 9753 63 and 64, OHANOERY LANB, W.C. 2. ke. & 8690 frome Srme deviring oud week tod 








Hlectric (['tansporters. 


lectric 
(OP TO 35 TONS.) 


 aebaeat 


Biectric (iranes. 


Locomotive (| ‘raversers 
(BLECTRIC). wie 





il, 





8. H, HEYWOOD ; & 00., LTD., 8143 8..H. HEYWOOD | a co., LTD. 8. H. HEYWOOD £ oo. LID., 8. H. HBYWOUD & CO., LOD, 
IsH. REDDISH. DISH REUDISH. 
[feller Horsey, Sons8 Cassel a saikol” [ibe Glasgow Railway Dredging pliant 
in the En Compan 
’ SALE AND VALUATION The “Germ Process” ingineering C > seine barge pmeagry 
; Laiten Oekes wits, Victoria rs We FLOATING CRANES. COAL BUNKERING 
PLANT AND MACHINERY 1884 Concentrate Rt Atestnen! ATO, 1 — 
ENGINEREING WORKS INCREASES RAILWAY CARRIAGE, WAGON & TRAMWAY Werf Conrad, BOLEANB. 
r EFFICIENCY OF Agents: MARINE WORKS, Lep usage Bowem, 
BILLITBR SQUARE, 28.0.3. MINERAL OIL CARRIAGE & WAGON IRONWORK, also 30-41, New bRoap St, LUNDON, B.0.2. 
25% CAST-STREL AXLE BOXES. See half page Advert. last week and next week. 
. 8256 


r Tron and Steel — € 

['zbes- and Fittings. 

ot a et eng te 
Armeo * Rust ond Gavecien Resisting Iron 


The Scottish ' Tube Ay Lid, 


—- : $4, Robertson 
pa lov, 


a 


Wells Oil Co., 


ae 


| Ree Sarin 


Heary Wo! 








Len, Coatings." 








& W. MacLellan, Limited, 


P OLUTHA oe GLASGOW. 
eae verctey~* ‘Camuiag ns (AGBS AND WAGONS 
EVEMY DESCRIPTION. 
RAILWAY TRONWORK.BRIDGES, ROOFING, &c. 





Ctefuete 
Pott ((\aseels & WV illiameon, 


a sh jpn cm SCOTLAND. 





See half- page Advertisement, page 100, Nov. 28, 

























































the prevention of Steam Boller and 
for the attainment of Beonomy in the Application 
of Steam, 9, Mouwr P 
Chief Bngineer: CO. BE. STROMEY SR, M.I.C.E. 
Founded 1854 by Sim WiLL1aM FarRpalry. 
Certificates of Safety issued under the Factory 
Workshops Act, 1901. inne emt for Damages 
and ities paid in case of Explosions. Engines 
and Boilers inspected during construction. 8443 





he National Foremen’s 
ASSOCIATION or THE 
EBNGINEBRING AND ALLIED TRADES. 
(Registered under the Trade Union Act.) 


An Asrociation formed to look after the 
interests of Foremen on wepeviedy gees: 
All communications to— Head 


Offices— 
H. W. REID, 95, Belgrave Road, 
General Secretary. Victoria, , §.W.1. 





[»t.C.E. Exams.—Successes 
as usual last Bxam. by Correspondence Coach- 
byt Successes by hundreds, several Sec 
“OO” embraces years’ essional 
Address, 1434, Offices of ENGINEERING. 
rrespondence Oourses for 
B.Sc,, Inst. O.H., I, Mech. H., all ENGI- 
NEERING BXAMS. — Courses and Single 
Subjects. Personal tuition.—For full iculars 
apply to Mz. TREVOR W. PHILLIPS, B.Sc.(Hows,). 
Assoc.M.In 


O.8., M.RS.1., etc., 8-10, ‘ord 
Chambers, 58, South John Street, Liverpool. 8423 


nst. C.E., I. Mech. E., B.Sc., 


and all Sogineeta Examinations.—Mr. G. P. 
KNOWLES, B.5c., MER. A.M. Inst.0.B., F.S.1., 
M.R.8an.1., PREPARES CANDIDATHS personally 
by correspondence. Hundreds of successes, 
may commence at any time.—39, Victoria 

8t., Westminster,S.W. Tel. 4780 Victoria. 8970 


A., B.Sc., B.Sc., (Eng.), 
« A.M.I.C.H., A.M.I.Mech.B. 
For a tuition for the above Professional 
aoe 8 ons, apply to 
T. @, ANDREWS, B.Sc. (Bng.), M.1.Ae.H., 
Dept. B. 2, 
, Shakes 
Manor 


experience. 











or 





re Crescent, 


k, London, B. 12. K 539 


(Correspondence Tuition by 
the “ U.H.C.” Individualised System will carry 
you through your Exam. with minimum expense 
and energy. Success Guaranteed. Established 
1906. ondreds of Successes at :—Stud.Inst.0.K., 
Assoc.M.Inst.0.B., A.M.I.Mech.B., A.M.I.E.B., 
Matriculation, Inter. and Final B.Sc. (Engineering), 
City and Guilds, Government epartmental 
Exams, etc. Specialised Professional Training. 
APPROVED BY MINISTRY OF LABOUR. 
Send for FREE “U.E.C.” Prospectus No, 8, 
mentioni uirements to :—Desk “ 8,” 
UNIV: I BNGINEBRING COLLEGE, 
Westgate-on-Sea, Kent. K 











TENDERS. 


Paks 


__ ENGINEERING. _ 


MANCHESTER CORPORATION TRAMWAYS. . 
Committee of the : 


et Coptaen Fe B — gpa 
[lenders for the Supply of the 
1 TURNING AND BORING LATHE. 

NG LATHE. 


seth be ob- 


TYRE TURNI 
ways, 55, 


tained on application to 
General Manager, 
Piccadilly, Manchester. 

be addressed to the Chairman of 
tee, 55, Piccadilly, Manches- 
later than 


Tenders are to 
Ten a.m. 
on Tuesday, the 14th December, 1920. 
The Committee do not bind themselves to accept 
the lowest or any Tender. 
THOMAS HUDSON, 


Town Clerk. 
Town Hall, Manchester, 
27th November, 1920. ee K 944 
THER BURMA RAILWAYS COMPANY, 
LIMITED. 





The Board of Directors of the: Burma Railways 
Company, Limited, are prepared to receive 


enders for the Supply of: 
2360 HELICAL SPRINGS.: 

For each copy of the Specification a fee of 20/- will 
be char; which fee is not returnable. Tenders 
enclos in sealed envelope addressed to the 
** Chairman and Directors,” and endorsed *‘ Tender 
for Helical Springs” must be delivered at the 
pmenys Offices not later than 12 noon on 
Monday, 


13th December, 1920, The Directors do | W° 


not bind themselves to accept any or the lowest 
Tender, and reserve the right to divide the order. 
The Springs are urgently required in Burma. 
By - of the d, 


E, 
Managing Director. 
199, Gresham House, 
Old Broad Street, 
mdon, E.C. 2. 
2nd December, 1920. 





Wanted, Experienced and 
: Well TIME THACHER 
of ‘AL and MECHANICAL ENGI- 
NEERING SUBJECTS. cing salary £320 
to £350 per annum incl bonus. For full 
particulars and application Form send stamped 
addressed envelope, to J. BAGLES,A.R.C.Sc.,Princi- 
pal, Technical College, Doncaster, K 896 
A ssistant Inspector Required 
for Armature Win Shop and Making 
a gas pane to check d winding connections 
make usual shop tests. State » © ence 
and wages requi: dress, K 6 ces of 
ENGINEERING. 


r[rest- ed Assistant Wanted. 
machi 








Experienced with all classes of A.C, and D.C. 

nes, including Turbo-alternators and Rotaries, 

Also ASSISTANT for Standard and Railway Motor 

Testing. State , experience and salary required. 
—Address, K 755, ces of ENGINERRING. 

of 


‘A ssistant Inspector 

Mechanical Work UIRED for large 
Hlectrical Machine Shop a Standard 
and Traction Motors. Some Electrical knowledge 
desirable, but only capable men used to high-class 
repetition work and able to make accurate measure- 


wages seqneel  Xadrea MS, Salen f er 


NEERING. 
ate Fixers Wanted for 
ace 


modern Electrical factory for fixing 
k # wong for mechanical operations. Time 
experience of fitting and machini essential. 
State age, experience, wages, etc.—Address, K 756, 
Offices of Bv@DEERING. 
Winding Rate Fixer Required 
for large Electrical Works. Applicants 
should be familiar with all operations of winding of 
turbo-generators, A.C. and D.C. motors and genera- 
tors, also for detail operations of coil-winding, 
insulating, ete. State age, experience, wages, etc. 
Address, K 757, Offices of ENGINEERING. 














APPOINTMENTS OPEN. 


anted for Steel Foundry 
operati “Tropenas” System, a 
CHEMIST, fully qualified to take sole charge of 
melting.—Address, in confidence, seating experi- 
ence, and salary required—K 987, Offices of 
ENGINEERING. 


- UNIVERSITY OF HONG KONG, 


wo Lecturers in Mechanical 


Engineering are REQUIRED for the 
University of Hong Kong. Five years’ agreement ; 
salary per annum, converted for purposes of 
local payment at 2/- to the dollar, free quarters or 
allowance df £100, half salary from date of embarka- 
tion. Candidates should be graduates in neer- 
ing of some British University and erably 
unmarried, 

Applications should be submitted (not later than 
December 13) in covers marked “C.A.” and 
addressed to the SECRETARY, Boarp or Epvca- 
Trion, Victoria and Albert Museum, South Ken- 
sington, S.W. 7. Scottish candidates should apply 
to the SECRETARY, 18H UCATION 
Department, Whitehall, London, S.W.1. K 778 





~~ 





BLECTRICITY COMMISSIONERS, 
VICTORIA, AUSTRALIA. 


TENDERS FOR PLANT. 


me N nders are Hereb 
Invited for the SUPPLY, DELIVERY, 
ete., of the follewing PLANT for the 
MORWELL POWER SCHEME. 


Se ies of Tender forms, S fications, Drawin: 


Londen, W.0. 2. 
Secifications 
Nos. 
39 25,000- 


Description. 
Kw. Turbo Alternators, 
600 Kw, 


urbe Alternators 


ps. 

Transformers and Switchgear for 
Power House. 

Synchronous Condensers, Transform- 
ers, Frequency Changer and Switch- 
gear, for Newport Terminal Station, 

Transformers and Switchgear and 
Accessories for sub-stations C, D, G, 


Charge :—Five Guineas for the first three copies 
of each Specification and 14 Guineas 
for each copy thereafter. 
Cable. 
Transmission Steel Towers. 
Suspension Insulaters. 
Steel Reinforced Cable. 
Steel Towers. 


33 
4l 


42 


Steel Cable. ' 
Poles. 


es 
for the frst. three 
copies of each fication and one 
Guinea for eac copy thereafter. 
8 &, and 36 are 
ve to 37, 88 and 39. Bot’ 
sets of Specifications will be issuable 
for one set of charges. 
The Commissioners do not bind themselves to 
accept the lowest or an: er. 
The § fications and Drawings may be inspected 
the of the Consulting Engineers of the 
Government, =. OnN bay & Co., 
Lap., Victoria elbourne 
F we lace, Strand 


SESeexreee 


ers on 
must be delivered to :— 
R. LIDDELOW, 


Rlectrictty Commissioners, 
Bourke Street West, 


Melbourne, 
Victoria, 


Australia, 
2th February, 1921. 
(Signed) PETER McBRIDE 
Agent-General for Victoria, -K 910 


h furnished. 





VIOTOKIA JUBILEB TECHNICAL INSTITUTE. 
(Central Technological Institute, Bombay 


BOMBAY, INDIA. 


HEAD OF THE DEPARTMENT OF 
MBOHANICAL BNGINEBRING. 


A Pplications are Invited for 
e POST of HBAD of the DBPARTMENT 


tions,are available at the charges mentioned of MECHANICAL ENGINEERING 


hereunder, u application to :— 
THE AguRT GUNSRAL POR VICTORIA, 


of the Victoria 
Jubilee Technical Institute (Central Technological 


Institute, Bombay Presiden: Eaaneemres re- 
will commence 


cy). 
newable every sixth year,” Sala: 
at Rs. 700s and rise to Rs, 1, Re " 
Further — may be obtained from K 967, 
Offices of Byervezrine.—Applications should be 
made soas to reach the u ned on or before 
the 18th December, 1920, c/o. Mr. T. 5. Dawson; 
Hewry 8. Kine & ©o., London. 
The selected candidate will be required to obtain 
a medical certificate of fitness for work from a 
medical practitioner selected by the Board. 
bf Rinniiened ts ae T 
on, ° e of Trustees, 
Victoria Jubilee Technical Institute, 
(Central Petco Institute) 
: ry. K 967 


Byculla, Bombay, India. 
uantity Surveyor Re- 
QUIRED for the PUBLIC WORKS 
DEPARTMENT by the GoveRNMENT oF 
Tae Gotp Coast, for two tours each of 12 months’ 
service with prospects of 
2600-£30-£720-240-£800 a year y 
bar at £2720. Free single quarters and first class 
passages. Liberal leave on full salary. 
Candidates, age 24 to 35, who are fully trained 
Quantity Surveyors with experience in ferro-con- 
erete and other structures, should apply, by letter 
qivt And details of experience, to the OR WN 
GE. FOR THE LONIES, 4, Millbank, 
London, 8.W. 1, quoting M/10,434, 
Applicants must have served in some branch of 
His Majesty's Forces durin 
satis reasous for not 





the late War unless 
ving done so can be 
K 959 


uired in 
connection with a Electric 
ae Power Scheme in the FEDERATED MaLay 
Srares for one year's service with 

further a 





urveyors 


as we 


preseribed forms, properly endorsed, 
¥ lines 


1, and q 
10,204, a must have in some 
branch of H.M. Forces during the late War, unless 
satisfactory reasons for not having done so can be 








Fstimator Wanted at Once 


for Engineer's London office. Structural 
and méchanical work. First rate men only need 
apply.—Address, L 46, Offices of ENGINEERING. 


Representative Wanted by 


old-established firm dealing in Engineers’ 
sundries of all kinds, asbestos and other engine 
packings, &c. Preference given to one with an 
established connection in the South Hastern district 
of England. Applicants, who should not be over 
35 years of age, must give particulars gh ex- 
ence and salary required.—Reply BOX 278, 

. B. Browne’s Advertising Offices, 163, Queen 
Victoria Street, B.C. 4. K 97 


W anted, for Ship-repairing 
Business abroad, GENERAL MANAGER, 
with experience in ship repairs, and good knowledge 
of MODERN marine engineering and shipyard 
practice. 
Address, giving 
stating 
Offices of 








rticulars of experience, and 
e, and whether married or single.—L 6, 
NGINEERING. 





orks Manager.—First-class 
man of ogo organising and executive 
ability REQUIRED, for ‘up-to-date Works, pro- 
ducing machine-cut gearing and engineering work 
in connection with large power transmission. Pay 
roll of 1,000. Toareally live man with the neces- 
sary capabilities, a liberal salary will be paid, and 
the position will be an improving one. Only 
ae men who have successfully filled similar 
position need apply. Application in confidence, 
stating age, and lest rticulars of experience 
and capabilities, with valary required, to DAVID 
BROWN & SONS (Hudd.), LTD., Park Gear Works. 
Lockwood, Huddersfield. 


pilachind Weibel ees el a _ Lb 
anted, First-class Shop 

SUPERINTENDENT for small Works, 
used to handling both skilled and unskilled labour 
in the manufacture of small electrically operated 
tools ; a man with first-class experience in repetition 
production and working to <7 fine limits. State 


experience and salary required.—Address, L 16. 
ffices of ENGINEERING. , 


THE MUNICIPALITY OF SINGAPORE. 
STRAITS SETTLEMENTS. 





TWO ROAD SUPERINTENDENTS. 


The Municipal Commissioners of Singapore require 


wo Superintendents 

of Roads, age 25-35, preferably unmarried, on a 

three * agreement. Applicants should have 
worked as masons, paviors, q , or in a 
similar trade. They must be accustomed to the 
control of labour, with experience as Roads Foremen 
or Assistant Roads Foremen upon the construction 
of __ macadam roads, including water-bound 
and tarrei macadam and asphaltic mixtures, to- 
gether with the waterproof coating of macadamised 
roads. pry’ 6,400 dollars per annum, As the 
value of the dollar is fixed at us. 4d., the pay of the 
appointment will be equal to £430 jad annum, A 
free passage will be provided, with half pay during 
the vo out. The selected must pass 
“Road Superin- 


a M Examination. 
Applications, marked on cover 

tendent,” stating whether married or single, 

place ef birth, and giving details of tonsing ond 

experience, referring to the above requirements in 

detail, with dates, accompanied copies (only) of 

testimonials, and also erences, must be 

lod, ee eX Foe bite ake & PEIRCE, 
. .K., 180, Hope ts 

to the Commissioners, not later rt tpaceday, 

14th December, 1920. L2 


ranted, for a Firm of 
Structural Caleu 

FIRST-CLASS ENGINERI Must have hed full 

and erecting expetience. U e 

annual increments and 


write, Z.R._868, c/o Po 


Street, London, E.C. 3. 





“Dee 3.194 


A ssistant Engincers 
oi for the Feprkarrp Matar 


_— onan T RatLways, for three 

service, possible permanency. Salary 

dollars a month, rising annually by % dollars’ 

— _ 500 pong homey i temporary war 
us 0 per cent. is at pe 

The sterling value of the dollar 46 at preset? neg 

as ha Government at 2s. 4d. Free ; 








massages 

ed. Candidates, aged 23 to 35, single, who 
received good theoretical training at a Uniceu® 
or recognised Engineering College, or who have 
been articled to Civil as of good standi 
and have had not less than two years’ practient 
experience of Railway Engineering, and prefe 
who have had experience of permanent way w 
should apply at once, in writing, giving age and 
brief details of training and experience to the 
CROWN AGENTS POR THE COLONIES, 4, Mi). 
bank, London, 8.W. 1, quoting M/F.M.S.10,283, 
ae must have served in some branc!} of Hig 


ajeaty’s Forces during the late War unless satix. 
Pesos J reasons for not having done so can be 
furnished. K 968 
Civil Engineers for 

Railway Construction REQUIRED 


3S for the undermentioned vacancies 


the GOVERNMENT OF THE GOLD Coasr, for two 
tours each of 12 months’ service with possible exten. 
sion. First class passages. Free quarters or 
field allowance of £7 10s. a month in lieu thereof, 
Liberal leave in England on full salary. j 
RErerence No. : M/G. Coast 10,518. 
APPOINTMENT: District Engineers. 
Salary: £800 a year. 
REFERENCE No. : M/G. Coast 10,520. 
APPOINTMENT : Assistant Engineers. 
SaLary : £600a year. 
QuatiFicaTions: Good charge experience on 
railway construction. Previous experience 
on railway construction. 
Candidates possessing the above experience should 
apply at once, in writing, givin e and brief 
details of past work, tothe ORUWN AGENTS FOR 
THE COLONIES, 4, Millbank, London, S.W, 1 
quoting the reference number of the vacancy for 
which they make application. Applicants must 
have served in some branch of HM Forces during 
e late War unless satisfactory reasons for net 
having done so can be furnished. K 974 


Civil Engineers Required 
by the GOvERNMENT OF NIGERIA, for 


the Railway Department (Eastern Railway 
Surveys), for two tours edch of twelve months seme 
vice, with possible extension as Junior Assistant 
Engineers, with salary of £2600 a year, rising by 
annual increments of £30. A commuted allowanee 
of £12 a month in lieu of quarters, etc., is payable 
only whilst actually in Nigeria. “ 
Camp equipment and first-class passages provided, 








3 | Liberal leave in England on full salary after each . 


tour. > ‘ 

Candidates not over 40 years of age, who must be 
qualified Civil Engineers, who have had experiences 
in Railway Surveys, should apply at once, ip 
writing, stating age and brief details of experience 
tothe CROWN AGENTS FOR THE COLONIES, 
4, Millbank, London, 8.W. 1, quoting M/Nigeris 
10332. Candidates must have served in some braneh 
of H.M. Forces during the late War, unless satis 
factory reasons for not having done so can Be 
furnished. Le 





OUSE DRAINAGE BOARD. 
ENGINEER. 


A Pplications are Invited for 
the POSITION of ENGINEER to the Ouse 
Drainage Board. The Salary offered is £300 per, 
annum together with an allowance of £200 ‘3 
annum for napa iin bey mee Office accom: % 
tien and staff will found by the Board or am 
allowance made in lieu thereof. F 

Canvassing will be a disqualification. , : 

Particulars of the duties and forms of application ~ 
will be sent by me on receipt of a stamped addressed 
foolscap envelope. 

Applications accompanied by three recent 
testimonials must be received by me not later than” 
15th December, 1920, 

ASHLEY TABRUM, 
Acting Clerk. 
County Hall, 
mbridge. 
30th November, 1920. L 


SUDAN GOVERNMENT. 


SUDAN GOVERNMENT RAILWAYS AND 

STEAMERS DEPARTMENT requires the» 

Services of a District Fngi- 
NEER, age 25-30 years. 

Qualifications: Civil Engineer with permanent way, 
ex ence, A.M.1.C.E., or student of same, pu 
school education. Salary £480 plus bonus of £1 
which is subject to alteration by, Government ( 
=&1 0s. 6d. sterling, er). No income tax 
charged or contempls in the Sudan. Perma 
nent, if retained in the service after expiration of | 
usual 12 months’ contract, which may be extended” 
by 6 months at option of Government. Apply 
letter enclosing copies of testimonials to Silt A. 
WEBB, K.U.M.G., Queen Anne’s Chambers, Broade 
way, Westminster. 5.W. 1. sarc to be 
marked “ District Engineer, 8.G.R.” LI 


BGYPTIAN MINISTRY OF PUBLIC WORKS. ; 


equired, Engineer for 
redger in the Sudan. The man requ 
should if possible have had practical experience of 
Dredger work or the handling of large steam” 
excavators. §: £24 per month, plus 40 per cent. 
Sudan Allowance, plus 20 per cent. War (rat ’ 
the latter being the scale at present in force : 
<= as long as sanctioned by Government. 4 
velling Allowance extra according to re 
tions in force. 
21 = £1 0s. 6d. sterling. (Noincome tax is charged 
udan. z 


Dredge a 
r. ¥ 
service. Leave allowed to np lotic 
ions. Contract for one year, with extensions ~ 

T asgientiéan ip ean be ee Garencd to Se 
in esse ‘ 
A. WEBB, K.C.M.G., Queen Anne’s Chambers, 
estminster, S i 











Broad .W. 1. 
Bn’ tae ig “Dredger Engme 
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MAGNETO TESTING AND THE CHOICE 
OF A SPARK GAP. 
By A. P. Youne, M.LE.E., M.TA.E. 


Tue primary function of a magneto, and of all 
other forms of ignition apparatus, is to produce a 
rapid succession of sparks, which.are timed to occur 
inside the engine cylinders in proper sequence, and 
in synchronism with the movement of the pistons. 
It is natural, therefore, that the usual workshop 
methods of testing a magneto resolve themselves 
into a determination of the capability of the machine 
to produce sparks under diverse conditions. We 
are not concerned at the moment with the many 
ingenious methods that—have been devised by 
scientific investigators in their attempt to elucidate 
the elusive characteristics ofa magneto spark, 
such as by measuring its heat energy and “ capacity” 
component, or by determining how the machine 
behaves when excessive leakage is made to occur 
in the high-tension ‘circuit. Tests of this kind 


Fig.1. 
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necessitate ,the use of a considerable amount of 
apparatus, and can only be performed efficiently 


in a well-equipped laboratory. They are thus 
mainly of interest to the designer of ignition 
apparatus, or to the research worker engaged on 
ignition problems. 

In the commercial testing of magnetos, present- 
day practice resolves itself into: (1) A determina- 
tion of low-speed sparking characteristics of the 
machine; (2) an endurance test of many hours’ 
duration, at a speed well above the normal working 
speed, to thoroughly test the mechanical and 
electrical components. In either case, it is clearly 
necessary to use some form of spark gap to transmit 
the succession of sparks generated by the magneto, 
and the choice of a suitable gap and its care in 
service are matters of extreme importance, which 
have not, perhaps, always received the attention 
they merit. The main purpose of the present 
article is to deal with this particular aspect of the 
general problem of magneto testing. 

One frequently hears the statement that a 
magneto is capable of giving a spark of a certain 
length at some definite speed, but rarely is this 
statement of fact qualified by a description of the 
type of gap used. Unless this be done, the state- 
ment is meaningless, just in the same way that it 
would be absurd, when speaking of a motor vehicle, 
to use the number of miles per gallon of petrol 
as an argument for efficiency, without considering 
this factor in close relation to the weight, horse- 
power, &c., of the vehicle itself. In other words, 
the design of the spark gap—that is, the shape and 
disposition of the electrodes—is of equal importance 


to its mere length, in dealing with a problem of 
this kind. The whole subject of spark gaps and 
Sparking electrodes is very complex, and one that 
is very difficult to attack experimentally, as there 
are so many variables involved which affect the 
final result, and all experimenters in this field have 
experienced in common the difficulty of obtaining 
consistent results. It will suffice, however, if we 
here touch on a few salient points of extreme 
| practical importance. First, let us get back to 
|fundamentals. A magneto produces a spark so 
soon as the contacts separate, by virtue of the fact 
that at this moment, a portion of the energy stored 
electromagnetically in the primary is precipitated 
inthe secondary winding with great suddenness, 
producing a phenomenally rapid rise of electric 
pressure(or voltage) in that winding, The voltage 

its maximum (considerably*over 10,000 at 
normal speeds) in something like 0-0001 seconds, 
and the rate of voltage rise (or steepness of the wave 
front) immediately following the separation of the 








Fig.2. SPARKING VOLTAGE CURVES FOR 
NEEDLE AND SPHERICAL 
ELECTRODES. 
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Lg.d. DIAGRAM ILLUSTRATING CORRECT 
SETTING OF THIRD POINT(A) IN 3-POINT GAP. 


contacts, is of the order off5,000 volts in 0-000015 
seconds, or about 300,000,000 volts per second. 

Now consider what happens in the spark gap 
whilst this sudden electric pressure is being created. 
The air becomes stressed electrostatically during 
the rapid rise of electric pressure, just in the same 
way that an electric diaphragm stretched across a 
section of a water pipe will be stretched, so soon 
as a difference of pressure is set up between opposite 
sides. Should the pressure difference increase very 
rapidly, in the hydraulic analogy, a point is finally 
reached when the diaphragm punctures, and at 
that moment, a flow of water occurs through it. 
Similarly, in the electrical case, the electrostatic 
stress increases with the voltage until the air 
“ punctures,” and a flow of electricity (or current) 
passes through the gap. The voltage at which this 
occurs is called the sparking voltage of the 
gap, and the value of this voltage naturally 
settles the electric strain that the machine has to 
endure in producing a spark at all. 

It follows from the above facts that, in dealing 
with the sparking characteristics of a magneto 
we must think in terms of voltage, and a 
spark gap used for magneto testing should be of 
such design that its sparking voltage can be fairly 
accurately determined. It is, however, a very diffi- 
cult matter to say just what the sparking voltage 
of a gap of known design will be under given con- 


the abnormal steepness of the voltage wave front 
introduces a variable factor which cannot be pre- 
determined with accuracy, If, for example, a 
spark gap be connected to an alternator or trans- 





hand, shows a very steep wave front: 





ditions, when it is connected to a magneto, because | 





former designed to produce about the same voltage 
as that generated by a magneto (say, 10,000) at 
the usual frequency of 50 cycles per second, the 
voltage is applied at a relatively slow rate, whilst 
if a magneto be connected to the same gap, the rate 
of application of the voltage will be increased 
enormously (probably in the ratio of about 100: 1), 
and the sparking voltage will be correspondingly 
raised. 

The two curves given in Fig. 1 should help to 
make this point clear. Curve 1 corresponds to a 
slow application of voltage. The voltage is shown 
to be slowly rising until the point “ A’ on the curve 
is reached, corresponding to which the air between 
the electrodes of the spark gap is stressed to breaking 
point and punctures. The voltage E corresponding to 
the point “A” on curve I is, therefore, the sparking 
voltage for these conditions. Curve 2, on the other 
The voltage 
rises very quickly and overshoots the mark, as it 
were, before the point “ B” is reached, at which 


Fig.3, DIAGRAM TO ILLUSTRATE HOW THE SPARKING 
VOLTAGE OF A GAP JS GR ‘AFFECTED BY 
THE SHAPE OF THE RODES. 
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sparking occurs. The sparking voltage is now 
raised to E, by an amount (E, — E), and the 


ratio = is termed the impulse ratio of the gap. 


The question of impulse ratio is of extreme import- 
ance when dealing with spark gaps for magneto 
testing, but even so, it is only one of the many 
factors which have an influence on the sparking 
voltage of a gap of given design, 

The other factors to be taken into acco’ nt 
are: (1) The shape and disposition of the electrodes ; 
(2) the material of which they are made (in slight 
degree); (3) the nature of the gaseous medium 
surrounding the electrodes; (4) the density of the 
gaseous medium; (5) the degree of turbulence 
existing in the gaseous medium ; (6) the direction 
of the current in the gap. . 

When testing spark gaps on ordinary alternating 
current circuits having a frequency of 50 cycles 
or 100 cycles per second the impulse ratio of any 
form of gap is substantially unity. Using an 
electrode of some definite design it is possible, in 
such cases, to determine with extreme accuracy the 
relationship between sparking voltage and gap 
length. 

Needle-pointed electrodes are used extensively 
in ordinary electrical testing, and curve 1, in 
Fig, 2, shows how the sparking voltage is directly 
proportional to the gap length for a spark gap of this 
design, when operated in air at atmospheric pressure 
and temperature. To emphasize the influence 
which the mere shape of the electrode has on the 
sparking voltage, curve 2 has been added for a gap 
comprising spherical electrodes, each 2} in. diameter. 
A gap, 5°5 mm. long, for example, has a sparking 
voltage of 6,000 when the electrodes are needle 
points, and this figure is increased three times by 
simply substituting for the needle points 24 in. 
diameter spheres (see Fig. 3). These voltage figures 
correspond to a relatively slow application of voltage, 
and the needle point gap in particular, which has a 
high impulse ratio with steep wave fronts, would 
show a higher sparking voltage when coupled to a 
magneto. 

Two types of spark gap, illustrated in Fig. 4, 
are commonly used for testing magnetos and other 
forms of spark generator. What is generally known 
as the three-point gap, shown on the top diagram, 
has been employed for many years past both in 
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this, country and on the Continent, whilst the 
annular gap, illustrated in the lower diagram, is a 
more recent introduction. In the former design, 
the insulated electrode “B” is connected to the 
magneto, and the spark passes between it and 
another electrode ‘“C,”’ of similar design, which is 
earthed, The “third” insulated electrode “A” 
is introduced for the purpose of stabilising the gap, 
and making it more certain in its action. It is 
placed adjacent to the insulated electrode “ B” 
so that its tip is separated by a few thousandths 
of an inch. The two electrodes must not touch 
one another, and to obtain the best results it is 
important that the axis of “A” lies behind the 
tip of “B” by at least 2mm. The correct setting 
of the third point “ A,” which is a matter requiring 
careful attention, if the best results are to be 
obtained with this form of spark gap, is indicated 
in Fig. 5, . 

The efficacy due to the “third” point arises 
from the fact that so soon as a voltage is applied 
to the electrode “ B” a small “ capacity” spark 
will occur between “B” and “ A,” before the 
passage of the main discharge between “B” and 
“©.” This tiny spark ionises the air surrounding 
the electrodes, and makes the occurrence of the 
main spark more certain and easier. The only 
objection that can be cited against this form of gap 
is that it has a high impulse ratio, in consequence 
of which the sparking voltage is greatly dependent 
on the steepness of the voltage wave front, which 
means that the actual sparking voltage for a given 
setting of the gap depends, in some measure, on the 
type of spark generator and the speed at which 
it is running. 

With the annular gap, the spark occurs between 
an insulated central electrode through the annular 
air space formed between it and the inner surface of 
a hole in an earthed metal plate. The important 
characteristic of this gap, which accounts for its 
introduction, is that its impulse ratio is substantially 
unity if it be designed to give a ratio of 2 o'¢, 
Where, 

¢ = Base of natural logarithm = 2°718. 
d = Diameter of the central stem. 
D = Diameter of hole in earthed plate. 

Its electrical characteristics are, therefore, some- 
what more uniform than those of the three-point 
gap, and its sparking voltage for given conditions 
can be predetermined with greater accuracy. The 
weak point in its design is that the length of gap 
cannot be adjusted, although on account of the 
“ wandering” of the spark, it has a greater life 
than any form of point gap. 

The advantages that can be claimed for the three- 
point gap are: (1) The length can be easily adjusted 
and the sparking voltage thus varied ; (2) the actual 
length of the gap, for some given voltage, is greater 
than with any other form of spark gap. Any 
variation in the sparking voltage due to a slight 
error in the setting is. thus minimised; (3) by 
arranging the gaps one above the other (see Fig. 6) 
it is an easy matter to detect a missfire, when 
testing a multicylinder magneto, even when the 
speed of operation is very high. This cannot 
be done so readily with the annular gap owing to 
wandering of the spark. 

It is, of course, essential that the electrodes in 
a three-point gap be kept sharp, and it is obviously 
true that owing to the concentration of the spark 
the electrode tips will quickly burn away, thus 
changing the geometrical form of the tip and the 
characteristics of the gap, To reduce this burning 
to @ minimum, it is desirable to use nickel electrode 
tips, although iron electrodes will give quite good 
results. ' 

Where gaps of this typs are subjected to con- 
stant running, it is worth while using a design that 
permits of the conical electrode tip being quickly 
removed and replaced, Such a design, which the 
author has used with success for many years past, 
is illustrated in Fig. 7. The conical nickel tip “A” 
is clamped to the end of a brass adjustable screw 
“'B,” by a brass holder “C” which screws on to 
“ B.” By keeping a good stock of nickel tips, 
replacements can be made after, say, every 50 hours’ 
continuous running of the gaps, and the tips removed 
can then be in a lathe and used to re- 
plenish the stock of electrode tips. This system 





of working has been found to yield satisfactory 
results. 
It has already been pointed out that the three- 
point gap has a high impulse ratio, and on this 
account, the sparking voltage for a given setting 
when it is transmitting sparks generated by a 
magneto running at a high speed, is always greater 
than the sparking voltage corresponding to a rela- 
tively slow application of voltage to the gap. The 








varies considerably in magnetos of different design. 

Two magneto sparking voltage curves are given 
for a spark frequency of 2,000 per minute, curve 1 
representing the results obtained with a polar 
inductor magneto, and curve 2 corresponding to a 
test made with a modern lightweight rotating 
armature magneto fitted with laminated poles 
operating in conjunction with the same gap. The 
general trend of each curve is the same, the most 
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Fig.7. DESIGN OF 3-POINT GAP ELECTRODE 
WHICH PERMITS OF ELECTRODE TIP 
BEING REMOVED FOR REPLACEMENT. 
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Fig.10. ANNULAR SPARK GAP WITH REMOVABLE 
SUITABLE FOR 


MAGN. TESTING. 
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curves given in Fig. 8 will serve to illustrate this 
point. The lower curve shows the relationship 
between the sparking voltage and length of gap, 
when the latter is calibrated with alternating 
current of normal frequency. When the gap is 
connected to a magneto, however, the nature of 
the calibration curve is entirely changed, and a 
recent investigation made by the writer, revealed 
that the shape of the curve is not only dependent 
on the spark frequency, but also to some extent 
on the magnetic and electrical characteristics of 
the magneto being tested. This is only natural, 

ing in mind that the value of the impulse ratio 
is influenced by the steepness of the voltage wave 
front, because it is well known that this latter factor 














Fre. 11. 


noteworthy feature being that as the length of the 
gap is reduced, the sparking voltage is but slightly 
affected. 

It should be’ pointed out, however, that thi 3 
characteristic of the three-point gap is only exhibited 
at very high spark frequencies. When the magneto 
is running at low speeds (say about 200 r.p.m.), the 
general trend of sparking voltage curve will more 
closely follow that of the lower curve in Fig. 8, 
although the actual voltage for any particular 
setting will still be‘somwehat higher than the figure 
given by this curve. 
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It is almost general practice when testing magnetos 
in conjunction with three-point gaps, to adjuat the 
length of the gap to 5-5 mm. A reference to Fig. 8, 
shows that for this setting, the sparking voltages 
are as follows :— 


Sparking Voltage. 











| 
Applica- Sparks 
tion. per Min. 
|__| 
Laminated pole rotating 
armature magneto 4,000 7,100 1-97 
Polar inductor magneto 4,000 9,250 2-22 








Taking an average figure we get, roughly, 8,200 
volts for a three-point gap, with properly-shaped 
electrodes, set to give a gap length of 5-5 mm. 

Similar curves are plotted in Fig. 9 representing 
the results of tests which the writer has made on an 
annular type of gap, using the same magnetos as are 
referred to above. It is at once apparent that the 
magneto sparking voltage curves for both machines 
follow much more closely the trend of the lower 
curve, thus proving that the advantage claimed 
for this form of gap, namely, that its impulse ratio 
is approximately unity, is justifiable. For endur- 
ance tests on magnetos many manufacturers prefer 
to use annular gaps, as these do not require so much 
attention as a three-point gap, and the sparking 
voltage is, as shown by our curves, a more definite 
and reliable factor. In fact, tests which the writer 
had made on a gap of this type by running it con- 
tinuously for 1,000 hours, have demonstrated 
that during this period, the sparking voltage did 
not vary more than 5 per cent. despite the fact 
that the burning on the central electrode was 
naturally quite appreciable. The design of gap 
used in these tests is shown in Fig. 10. It permits 
of the central electrode being easily removed for 
replacement should it become unduly burnt. Fig. 11 
is a photograph of a set of annular gaps of this 
design, suitable for testing multi-cylinder magnetos 
up to nine cylinders. 

Tabulating the sparking voltage figures for a 
3°5 mm. annular gap, as given by the curves in 
Fig. 9, we get :— 














Sparking Voltage. 
Impulse 

Type of Magneto. Slow 2,000 Ratio. 

Applica- Sparks 

tion. per Min 

Laminated pole rotating 

armature magneto 2 7,650 8,000 1-04 
Polar inductor magneto 7,650 8,400 1-10 











Taking an average of these figures we get exactly 
8,200 volts. In other words, if 


Diameter of central stem = d = 1-85 mm. 

Diameter of central hole = D = 8-85 mm. 
then the magneto sparking voltage at high speeds 
will agree almost exactly with that of a three-point 
gap set to5°5mm. An annular gap of this design, 
or a three-point gap with this setting, would be 
quite suitable for use with magnetos undergoing 
endurance runs, as each would ensure that the 
voltage strain on the armature did not exceed about 
8,000, which is roughly twice the voltage imposed 
on @ magneto when it is operating under normal 
conditions on an engine. That is, the factor of 
safety would be 2:1, which is ample. 

It is commonly believed that the only right way 
of determining the sparking characteristics of a 
magneto is to employ, as a standard test gap, a 
sparking plug which is fitted to a closed chamber 
in which the pressure of the air can be varied. 
The usual method is to gradually increase the 
pressure, by means of an air pump, until a point is 
reached at which, for some given speed, the magneto 
just ceases to produce sparks at the plug points. 
A gauge is provided for measuring the air pressure, 
and it is also necessary to provide glass windows 
in the pressure chamber—which incidentally are 
very liable to fracture—so that the sparking at 
the plugs can be observed. In the writer’s opinion, 
this method of testing is cumbersome and likely to 
give misleading results. The prevalent idea that 
it enables the working conditions imposed on a 








magneto to be more nearly reproduced, than 
happens when some form of adjustable gap is used 
is quite erroneous, Thinking in terms of voltage, 
it is clear that in this method the sparking voltage, 
is varied by changing the air pressure, using a spark 
gap of some definite length, whilst with an adjust- 
able three-point gap, for example, exactly the same 
result is achieved by simply varying the length of 
the gap. Obviously the latter method is a much 
simpler way of achieving the desired result, 

Not only is the pressure chamber cumbersome, 
but its use introduces many uncertain factors. 
In the first place, unless steps are taken to change 
the air inside the chamber, it quickly becomes 
ionised, owing to the passage of a large number of 
sparks in a confined space, and as a result, the 
sparking voltage for a given pressure will drop. 
Secondly, it is apparent, from what has already been 
said about the various factors which influence the 
sparking voltage of a gap, that unless the design 
of the sparking plug electrodes is carefully defined, 
the gauge pressure cannot be taken as a criterion 
of sparking voltage. In a recent investigation, the 
writer found that the sparking voltage of standard 
sparking plugs of different design, varied over a 
range greater than 2:1, even when the air gaps 
were all made of equal length. The use of an 
air pressure chamber for magneto testing will, 
therefore, permit of a corresponding variation in 
the voltage strain imposed on the magneto during 
the test, although it is true that comparative figures 
can be obtained for different magnetos, if the same 
sparking plugs are used throughout the series of 
tests. The fundamental point involved is, how- 
ever, that any method of testing magnetos should 
aim at imposing a definite load (or voltage strain) 
on the machine, exactly as is done when testing 
any other piece of electrical apparatus. Viewing 
the matter from this logical standpoint, it is clearly 
necessary to use a spark gap having well-defined 
sparking characteristics, and on this account, the 
use of either three-point or annular type of spark 
gap is to be preferred to any combination of sparking 
plugs and pressure chamber. 





WELLS AND GROUND WATER. 

Or all the water that percolates into the earth 
after rainfall, a part is re-evaporated, a part is 
transpired by vegetation, a part escapes as surface 
flow, and the remainder percolates downward into 
the soil until it is held up by impervious strata, 
or reaches the “ ground water plane,” below which 
every pore space of the soil, every crevice, hollow 
and fissure in the earth’s crust is filled with water, 
and the escape laterally of the ground water equals 
the addition from percolation. The lowest level 
of escape is generally the level of the sea, below 
that level the soil and rocks are saturated. The 
depth of percolation of ground water into the earth 
is not known, it may reach even as far as the 
intensely heated interior of the earth, as capillary 
water has the capacity of penetrating rocks even 
against high counter pressure of vapour. Within 
the earth the “ground water” is in constant 
circulation, through the pore spaces of rocks, 
through fissures, and through channels along 
joints, evincing its power as a geological agent by 
its chemical and mechanical actions. 

The amount of supply to ground water is depen- 
dent on the rainfall, and the laws which govern the 
flow of water through the soil, which may be by 
gravitation, or by capillary action. There are 
other factors also which influence its flow; the 
passage of a low barometric depression across a 
section of the country is always associated with a 
more rapid discharge of water from springs, flowing 
wells, and seepage outlets; the eruptions of vol- 
canos are often preceded by a failure or diminution 
of the supply from wells and springs in the district ; 
the rate of seepage is modified by changes in soil 
temperature ; the settling of silt and fine sediment 
over coarser beds as consolidation takes place partly 
by compression, and partly by accumulation of 
sediment, causes the water contained in the coarser 
beds to be expelled upwards, downwards, or 
laterally. The supply of ground water is practically 
that due to (1) Percolation from rainfall ; (2) seepage 
from streams and rivers; (3) seepage from pools, 
lakes and standing water. The losses to ground 





water are (1) soil evaporation ; (2) transpiration by 
vegetation ; (3) escape of ground water as surface 
flow at depressions, which may again increase the 
ground water lower down by percolation, or 
eventually reach the sea. The most important 
losses are by soil evaporation, and transpiration 
by vegetation; were it not for these losses the 
volume of streams flowing into the sea would be 
greatly increased. 

Except in arid regions, the mantle of soil, sand, 
gravel and clay which nearly everywhere covers 
the surface of land areas carries a surprisingly 
large amount of water. After rain the inter spaces 
of the soil will become uniformly occupied with 
water and gas, if the rate of fall is greater than the 
rate at which the water can pass through the pore 
spaces of the soil, it remains on the surface as pools, 
or runs off the ground as surface flow. After seep- 
age or the drainage of the water through the soil to 
the ground water plane has ceased, there will be 
found, provided the soil is uniform, commencing 
from the surface, an increased quantity of water 
in each successive layer of soil; that is the water 
concentration in the soil in pounds per cubic foot 
will increase with the depth of the soil. The water- 
retaining power of a soil is closely related to the 
total surface area of the soil particles per cubic 
unit; if a coarse and a fine soil are in contact, 
not one superimposed above the other, the quantity 
of water held in the coarse soil will be less than that 
held in the fine one, that is the capacity of holding 
water of the two soils depends on the number and 
size of the capillary spaces of the soils. By 
capillary space is meant that space which is near 
the point of contact of two soil grains and not any 
interstitial space in the soil. In a soil of fine texture 
the soil grains might be so close together as to make 
all the interstitial spaces capillary. The surface 
of the soil particles being clean, water has no 
difficulty in flowing over the surfaces. The water 
by capillary action clings to the soil grains in the 
form of films, one surface being in contact with the 
soil grain and the other exposed to the air. As 
the surface of the land dries the water near the 
surface is evaporated the curvature of the water 
films in the immediate neighbourhood will thereby 
be increased, and water will be drawn up from the 
next lower layer, and so on. 

It takes time for the water to move up these 
various layers. When rain falls on a dry soil the 
surface tension is diminished and the greater ten- 
sion below pulls the moisture down, even when 
the force of gravity would not be sufficient to 
do so ; if the fall is light, the moisture, after pene- 
trating some distance, is again re-evaporated when 
the upper surface dries. Water held in the soil by 
surface tension is called the water of inhibition, or 
quarry water; if more water enters the soil, the 
film thickens until finally, when saturation is 
reached, all the spaces between the soil particles 
are filled with water, surface tension is reduced 
to zero, and gravity alone acts on the water. 
When this limit of the capacity of any soil for 
holding water is reached water will flow, and 


becomes “ground water” or the “water of 
saturation.” 
The rate at which water leaves the soil 


during dry periods depends on a law similar to 
that which governs many processes, such as the 
loss of heat from warmer to cooler bodies; that 
is, the quantity lost per unit of time will depend 
on the amount of water in the soil and is conse- 
quently greater after rain. It is influenced by 
changes in temperature and varies inversely with 
the humidity. A soil possessing a greater surface 
area of soil particles per cubic unit will lose water 
less rapidly than one possessing a less surface area 
of soil particles per cubic unit, 1.¢., a soil possessing 
not more than 2,000 sq. cm. surface area of soil 
particles per cubic centimetre will lose water more 
rapidly than a soil possessing 4,000 sq. em. to 6,000 
sq. cm. total surface area of soil particles per cubic 
centimetre. In the case of sand, conditions vary ; 
sand and sandy soils not exposed at the surface 
lose water rapidly, but when exposed at the surface, 
at first the loss will be rapid, but this class of soil 
dries so effectually at the surface that ‘several 
inches may become air dry. The soil in which sur- 
face tension is able to act is therefore protected bya 
layer of dry material through which water passes 
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as a gas by diffusion, and not in a liquid form by 
_8urface tension, and this process is extremely 
slow. Mr. E. Buckingham, in Bull. 38, United 
States Department of Agriculture, states that in 
an experiment the loss by gaseous diffusion through 
2 in. of dry sand amounted from 1°4 in. to 4°3 in. 
in twelve months; consequently, after the surface 
2 in. or 3 in. of a sandy soil have become really 
air dry, the rate of loss from soil evaporation is 
very small. A large area, and great depth of sand, 
forms therefore a natural reservoir. 

The depth from which water tends to move up- 
wards through the soil varies with its texture and 
structure. It may be said broadly that under average 
conditions capillarity acts freely from 4 ft. to 5 ft. 
in depth, fairly up to 10 ft., and extremely slowly 
from 30 ft. or more. Dr. King, in the Nineteenth 
Annual Report, Part II, United States Geological 
Survey, states that where the surface soils are 
very coarse and where the “ ground water” is at 
a depth exceeding 8 ft., nearly the whole rainfall 
passes at once below the level at which it is possible 
for capillary action to bring it to the surface. In 
experiments made by Dr. Leather in alluvial soil, 
at Pusa, North India, composed of 2 ft. of loam, 
and next 2 ft. of sandy loam, and below that 12 ft. 
of stiff clay, 7 ft. was the limit of depth from which 
water tended to move upwards. Beyond this depth 
“ground water” had no influence on the amount 
of evaporation. 

Mr. Lee (“ Yield of Underground Reservoirs,” 
P.Am.LC.E., vol. lxxviii, 1915) states that where 
the average depth of “ground water” does not 
exceed 8 ft., soil evaporation coupled with trans- 
piration from vegetation forms an important 
element of loss of ground water. Transpiration by 
vegetation increases the loss of water from the soil. 
The amount of water required for a crop equals the 
amount transpired by the crop plus the soil evapora- 
tion during the crop period. If the crop is a “ good 
crop” the soil evaporation will be about half what 
it would have been in open fallow land. In Pusa 
soil, Dr. Leather estimates the amount of water 
consumed by a wheat crop, November to March, 
to be equal to 10 in. to 11 in. on the ground, of which 
the soil evaporation during the period was 2} in. 
to 3} in., the difference being the amount transpired 
by the crop. In Cawnpore soil, which contains 
more clay and is stiffer than Pusa soil, a five-month 
winter crop of wheat, November to March, con- 
sumed 20-in. depth of water on the ground, including 
irrigation. The actual amount transpired by the 
crop was about 9 in. to 10 in.; the irrigation 
increased the soil evaporation. 

The diagram annexed indicates the amount of 
water consumed by an oat crop, compared with 
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the soil evaporation from fallow land during the 
same! period. The vertical scale shows depth of 
soil in feet, and the horizontal scale gives the water 
concentration in the soil ia pounds per cubic foot 
for each foot in depth (‘‘ Memoirs of the Department 
of [Agriculture in India,” Chemical Series, vol. i, 
No. 10). Grass lands consume a considerable amount 
of water, while on the other hand forest cover, 
more especially the litter of a forest, may decrease 
soil evaporation to nearly seven-eights of that 
in an open field, due to impeded air circulation, low 
temperature, and the moist condition of forest air. 
The following figures may be taken as giving a 
general indication of the total losses of water from 
the soil due to vegetation: Grass lands, 30 in. to 
40 in. a year; dry grain crops, 10 in. to 15 in. 
during their season ; forests, 4 in. to 8 in. a year. 


The depth at which “ ground water” is found 
below the surface of the soil influences the soil 
evaporation. Experiments made by Dr. King 
(Nineteenth Annual Report, United States Geological 
Survey, Part II, 1897-98) gives the following figures 
showing the amount of evaporation from 1 sq. ft. 
surface of fine sand for various depths of ground 
water :— 

Ground water 1 ft. below surface. 
2-37 lb. per day. 

Ground water 2 tt. below surface. 
2-07 lb. per day. 


Evaporation 


Evaporation 


Ground water 3 ft. below surface. Evaporation 
1-23 lb. per day. 
Ground water 4 ft. below surface. Evaporation 


0-91 lb. per day. 


With clay-loam the following results were 


obtaine d:— 
Ground water 1 ft. below surface. Evaporation 
2-05 lb. per day. 
Ground weter 2 ft. below surface. Evaporation 


1-62 lb. per day. 

Ground water 3 ft. below surface. 
1 lb. per day. 

Ground water 4 ft. below surface. 
0-90 Ib. per day. 

Mr. Lee (“‘ Yield of Underground Reservoirs,” 
P.Am.I.C.E., vol. Ixxviii, 1915) gives the following 
results of observations made at Independence, Seira 
Nevada, in 1911. 


Evaporation 


Evaporation 


Depth of ground water 1-45. Evaporation, 
twelve months, 48-80 in. é 
Depth of ground water 1-86. Evaporation, 


twelve months, 44-89 in. 
Depth of ground water 2-90. 

twelve months, 40-21 in. 
Depth of ground water 4-94. 

twelve months, 13-43 in. 
Temperature of air, 40 deg. to 80 deg. F. 


In the same paper Mr. Lee gives the loss in inches 
from ground water in grass and alkali land :-— 


Evaporation, 


Evaporation, 











Loss in ins. from Ground 
of Water. 
Ground 
Water Total. a 
below Summer Winter— 
8 Average | Average 
Temperature /Temperature 
70 deg. F. 45 deg. F. 
ft. ins. 
2-5 36-5 5-2 41-7 |Summer, April 1 
3-5 29-6 4-0 38-6 | to Sept. 30. 
5-5 15-6 0-2 ft. | 15-8 Winter, Oct. 1 
to Mar. 31. 














The following are results of experiments on perco- 
lation and soil evaporation. In Pusa soil, which 
forms part of the Gangetic alluvium, which is excep- 
tionally fine, with a low Becr ag of pure clay 
highly calcareous, and which holds 25 lb. of water 
per cubic foot after drainage has ceased, Dr. Leather 
found the loss by soil evaporation on fallow and, 
from September 19, 1906, to June 15, 1907, to be 
20 in. The effect of light falls of rain during this 
period was to increase the water in the first foot of 


increase the rate of evaporation. The temperature 
varied from 60 deg. to 90 deg. F. The rainfall re- 
corded at the place during the period was as follows: 


In. 
September 19 to October 20 ... 0-95 
October 21 to January 7 nil 
January 8 to February 15 1-4 
February 16 to March 27 1-85 
March 28 to April 9 nil 
~ 10 to April 30 0-89 
yO... vee 0-33 
June 1 neo 1-75 
Total ... 7:17 


In the same soil the following results were 
obtained on drainage through 6 ft. of soil :— 
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Fallow land— in. in. in. in. 
Nov. 1, 1906-—Oct. 31,1907..| 39-72 | 6-96 4-02 | 28-74 
Nov. 1, 1908-Oct 31,1909..| 75-70 28-36 8-32 | 30-46 
Nov. 1, 1909—Oct. 31,1910.) 32-30 | 6-41, — 25-89 
Cultivated with maize— | 
1906-1907 .. % 39-72 | 4:64 0-85 | 34-23 
1908-1909 75-70 32-48 | 1-24) 41-98 
} 





The cultivated land in both cases reduced the 





surface flow. The drainage increased with the 


soil without penetrating deeper and eventually to | Tq 


rainfall. The soil evaporation increased to a 
certain extent with the rainfall. 

In Cawnpore soil, consisting of fine earth more 
clayey than Pusa soil and possessing an ordinary 
proportion of lime with irregular beds of nodular 
limestone, the following results were obtained on 
percolation experiments through 6 ft. of soil :— 
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Fallow land— in. ins. in. in. 
Nov. 1, 1903—Oct. 31, 1904..| 46-51 21-22 4 21-29 
Nov. 1, 1904—Oct. 31, 1905 ..| 20-61 3-14 nil 17-47 
Nov. 1, 1905- Oct. 31,1906 ..| 36-49 19-13 _ 17-44 
Nov. 1, 1906—Oct. 31, 1907..| 20°89 3-04 17-25 
Nov. 1, 1907—Oct. 31, 1908..| 32-66 14-56 b 18-10 

Cultivated Land— 

1909-1910 -| 28°35 4°35 oe 23-82 








Experiments in America with various soils having 
depths 3 ft. to 4 ft. give the following results :— 
Rainfall 26in. Soil, sandy loam with vegetation, 
percolation 40 per cent. 
Rainfall 25 in. il, sand without vegetation, 
percolation, 83 per cent. 
Rainfall 31 in. il, loam and clay without 
vegetation, percolation 43 per cent. 
infall 25-7 in. Soil, loam and clay with 
vegetation, percolation 26 per cent. 
The Rothamsted experiments give the following 
results :— 


Rainfall 41 in., percolation 25 in., evaporated 
in. 
Rainfall 19-5 in., percolation 6 in., evaporated 
13-5 in, 
The percolation varies directly with the rainfall. 
The evaporation is nearly constant. 

W. Charles Greeves, in his experiments at Lee 
Bridge (Proceedings of the Institution of Civil 
Engineers, vol. xlv), from an average of fourteen 
years, arrives at the following results :— 

Rainfall 25-721 in. Percolation through soil 
7-582 in. 

Rainfall 25-721. 
21-496 in. 

To summarise: Percolation or the supply to 
the ground water depends on the rainfall, porosity 
of strata pierced through, and extent of exposed 
surface. It varies inversely with the soil evapora- 
tion; is greatest in winter and during heavy, 
long-continued rains; it is least in summer with 
short showers of rain. The deficiency of ground 
water will be felt most towards the close of a long 
dry season where the reserve of water furnished 
by the rains of the preceding rainy season have been 
reduced to their lowest limit, by the demands of 
the dry months. A failure of rain, or scanty rainfall 
during the rainy season is therefore more likely 
to cause a diminution of ground water, or a drought, 
than a long dry summer. 

The quantity of water any particular soil or rock 
may yield does not depend on the quantity of water 
uired to completely saturate the soil or rock. 
The water capable of being drawn off is that which 
the soil or rock contains over and above that which 
it is able to hold as water of inhibition, and the 
readiness with which the soil or rock will yield a 
supply when drawn on. Sand will hold 0.459 
cub. ft. of water for a cubic foot of sand when fully 
saturated, but the whole of this amount will not 
be available for supply. The yield will probably 
be from 1-87 gallons to 1-31 gallons per cubic foot. 
Colonel Clibborn (Roorki Treatise on Civil 
Engineering. Irrigation Works in India, 1901), 
states that the “ Actual quantity of water an under- 
ground sandy reservoir will hold depends on the 
character of the soil. It may be assumed at one- 
third the bulk of the sand, of which not more than 
one-quarter will drain in at once when a well is drawn 
on.” 

In the.case of chalk the water of saturation 
equals 35 per cent. of the bulk of the chalk, or about 
2} gallons per cubic foot. The water of inhibition 
or quarry water equals 19 per cent., or 1-2 gallons 
per cubic foot. The yield, therefore, that may be 
expected from saturated chalk will be about 1 gallon 
per cubic foot. Chalk, however, has the peculiarity 
of readily absorbing water but parting with it 
slowly. The yield from wells sunk in chalk is 
chiefly obtained from fissures and joints tapped by 
wells or by adits driven from them. 


Percolation through sand 





Except in desert areas where the rainfall is 
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60-B.H.P. HOT BULB MARINE ENGINE AT THE GLASGOW EXHIBITION. 


CONSTRUCTED BY MESSRS. PLENTY AND SON,§LIMITED, ENGINEERS, NEWBURY. 
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nominal, the “Recent” alluvial deposits yield 
inexhaustible supplies of water, which is contained 
chiefly in the beds of porous material such as sand 
or gravel. Large areas of sand such as the sand 
dunes in Holland provide sufficient water for a 
“town water supply,” the only source being that 
portion of the rainfall of the district which has 
percolated to the ground water. In the small 
island of Rameswaram, separating India from 
Ceylon, where the great temple dedicated to Rama 


attracts numerous pilgrims from all parts of India, ' 
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a supply of potable water for the town of Rames- 
waram is obtained from a large waste sandy 
area a few feet above the level of the sea, bounded 
on the east and north by sand-blown hills, and on 
the west and south by the sea. Here the rainfall 
of past years has collected and formed @ great basin 
of fresh water in the sand, exceeding in places a 
depth of over 20 ft. below sea level. 

In the case of the older geological formations 
disintegrated and decomposed rock yields a limited 
supply of water. The hard igneous rocks appear, 











on the'Z whole, to idisintegrate, more easily than 
rocks of sedimentary origin, the disintegration of 
igneous rocks often extending to a depth of over 
100 ft., Where wells are sunk below; the level of 
disintegration, or where the depth of soil over the 
solid rock is small a supply of water is obtained 
along the joints and fissures which traverse these 
rocks. In South India, in the Chittore district 
and the adjacent Mysore plateau, where the rainfall 
is comparatively scanty, and where only a small 
depth of soil overlies the hard granitoid gneiss, 
which forms the base rock of the peninsula, the 
ryat or cultivator sinks wells into the granitic 
rock and obtains a supply in most years sufficient 
for irrigation. Village tradition based on the 
experience of successes and failures of past genera- 
tions enables him to select sites for his wells, 
where he is most likely to tap fissured rock. The 
supply to such a well is generally increased by 
throwing an earthen embankment across the valley, 
above the well, so as to form a small tank or reservoir, 
thereby preventing the rainfall running off the 
ground, and increasing the percolation to the well, 
Such areas suffer when a failure of rain occurs, 
and the evils of a possible famine are often aggra- 
vated by a scarcity of water for drinking purposes, 
both for men and animals. 

In rocks of sedimentary origin, the more porous 
sandstones yield a fairly copious supply. In most 
other rocks the supply is chiefly obtained from 
channels opened in fissures and joints of the rock, 
by the chemical and mechanical actions of ground 
water. 





THE SHIPBUILDING, ENGINEERING 
AND ELECTRICAL EXHIBITION AT 
GLASGOW. 

(Continued from page 700.) 

In this further notice of the Glasgow show, 
which closes to-morrow, we propose to deal in tine 
first instance with some of the important internal- 
combustion engines which we did not refer to last 
week, and to then add an account of other of 
the interesting exhibits of a more miscellaneous 
kind which we have not yet dealt with. Referring 
then in the first place to the question of engines, 
it may be said that whilst the general trend of 
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design of semi-Diesel engines was shown in the 
illustrations of this type of prime mover in our 
article last week, there are individual features in each 
maker’s design. For example, the semi-Diesel en- 
gines manufactured by Messrs. Plenty and Son, Ltd., 
of Newbury, whilst in the main following standard 
practice, embody in a number of ways departures 
evidencing the advance of design towards improved 
practice and performance. The engines are of the 
two-cycle type, with trunk pistons and crank 
chamber compression of the scavenging air. Figs. 
35 to 37 on page 729 and Fig. 38 annexed illustrate 
a two-cylinder engine of 60 brake horse-power with 
cylinders 270 mm. (10-6 in.) diameter by 300 mm. 
(11-8 in.) stroke, developing its full power of 60 
brake horse-power at 340 r.p.m. giving a normal 
figure of 31lb. per square inch as the cylinder mean 
effective pressure on a brake horse-power basis. 

To turn to the individual features of more than 
passing interest. With this engine the leading 
principle in the design of the main parts has been 
to increase the amount of water-cooling effect, to 
which end the water-jacketing is carried round a 
considerable portion of the upper part of the crank 
chamber, and also in way of the main bearings. 
This provision will have the desirable effect of 
assisting cool running of the main bearings and of 
rendering more efficient the crank-chamber com- 
pression of the scavenging air. Further, the 
cylinder construction, as shown in Figs. 35 to 37, 
is novel. The upper part of the cylinder jacket 
and the cylinder liner are cast in one piece, and 
through bolts connect the head to the lower crank- 
case, so relieving the cylinder of most of the ex- 
pansion stresses, and also permitting of free down- 
ward expansion of the cylinder liner. The cylinder 
head is unusual, and as shown in Figs. 35 and 36, 
there is no hot bulb proper. The circular combus- 
tion chamber is completely water-jacketed with the 
exception of a small plug, blow lamp heated when 
starting the engine from cold, and upon which the 
starting injector sprays the fuel for the initial cycles. 
This starting injector is supplied with fuel from the 
fuel pumps by means of a by-pass valve and connec- 
tion opened for starting. 

When the engine has commenced to fire, the 
by-pass is closed and the main spring-loaded 
injector takes up the work. This injector sprays 
downwards on to a loose spherical sleeve inserted 
into the bottom half of the circular combustion space. 
Sufficient heat is retained by this sleeve to support 
combustion continuously at all loads. The arrange- 
ment is such that during normal running the start- 
ing injector is protected from the main fuel spray, 
since it does not pass through the loose sleeve in 
the combustion space. The consumption of fuel 
oil guaranteed with these engines, based on oil of 
specific gravity of about 0-860, and having a 
calorific value of not less than 19,000 British thermal 
units, is 0-57 Ib. per brake horse-power per hour in 
the case of the 30 brake horse-power unit and 
0-517 lb. with the larger engines of 50 brake horse- 
power per cylinder. These figures are stated with 
10 per cent. tolerance and give evidence of the 
efficiency of the combustion arrangements. 

With all the makes of hot-bulb oil engines at 
present on the market the most outstanding feature 
is the great variety of designs of oil-feeding arrange- 
ments, A remarkable point also to be mentioned 
is the extreme ingenuity displayed in the various 
designs put forward and methods of construction 
adopted to meet the present requirements. The 
semi-Diesel engine is a compromise, the whole 
object of which is to produce an engine of simple and 
robust construction, capable of being handled 
without a high class of supervision, Yet, in the 
main, the requirements of fuel feeding demand a 
mechanism the reverse of simple and somewhat 
delicate in adjustment and repair. The chief con- 
siderations with which the designer is faced, are to 
provide a mechanism for control of the quantity 
and time of injection of the fuel suitable for the 
range from no load to full load. The engine 
must be governor-controlled as well as hand-con- 
trolled. Means are required to prime the fuel 
pumps prior to starting. The adjustments for 
facilitating slow running are preferably arranged so 
that the point of injection of the fuel is advanced 
for slow running. 





With the two-cylinder Plenty engine the pumps 
are driven by an eccentric off the crankshaft ; , and 
as is usual, this also drives the bilge and circulating 
water pumps. Governing is by hit-and-miss and 
at light loads, when the quantity of fuel per revo- 
lution is reduced, arrangements are provided such 
that the point of injection is advanced. Moreover, 
an extremely ingenious arrangement of steps on 
the controlling cams has the effect that, after the 
fuel pumps have been cut out, and are put into 





mover originated here many years ago, and was 
then developed, abroad and neglected ; at. home, 
tuere is evidence that we have now reached such 
a stage in semi-Diesel engine design and construc- 
tion that home-designed and built engines are 
unsurpassed. The subsequent engines to be described 
are not of home origin. 

The Densil engine is a design of motor of some six 
years standing, of good appearance and sound 
construction, and is representative of the best 


action again, on the speed being reduced, only a|foreign practice. The country of its origin is 
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small injection is given followed by a larger, so| Denmark. This engine has found considerable 


obviating the shock of the usual large injection 
generally given with hit-and-miss governing on 
cutting in. The two-cylinder engine illustrated, is 
provided with a separate clutch and reverse gear, 
supplied complete with the engine. The three and 
four-cylinder units, by the same maker, are some- 
what different in design so far as the fuel-feeding 
mechanism is concerned. The pumps are driven 
by a vertical shaft obtaining its motion from the 
crankshaft through special gearing. This vertical 
shaft serves also to drive the starting air distributor 
for direct reversal. 

The three types of oil engines described in the 
present and last week’s article are of British origin, 
design and construction. In all respects they go 
definitely to show that although this type of prime 


| 





favour for marine work, operating on a wide range 
of fuel oils, including tar oil, during the war. Its 
development has been primarily concerned with 
ship propulsion, although of course it is also 
applied to land work. In the four - cylinder 
model, developing 100 brake horse-power, there 
are several noticeable features. This engine has 
only a small portion of the combustion chamber 
uncooled, and so can remain stopped for some 
minutes without becoming sufficiently cold for a 
restart to require the blow lamps as for initial 
heating. The type of air valves in the crank 
chamber doors is very neat. They are formed of 
short lengths of saw-blade steel. The lubrication 

ments with the force feed multiple-plunger 
box for such cylinder are very thorough. e 
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governor and the fuel’ pumps are’ driven from ‘the 
crankshaft, by a vertical. shaft through spiral 
gearing.. Governing is: not on the ‘hit-and-miss 
principle, but is efféeted by regulating the stroke 
of the fuel pump, and'so the quantity of fuel’ supplied 
to the cylinder. ‘The injectors can be detached from 
the cylinders by unserewing one'nut. The governor 
can be adjusted ‘to come into operation at’ a higher 





240 brake horse:power, and in the larger’ sizes is 
guaranteed not to exceed 0°55 Ib. per brake horse- 
power consumption of fuel oil. The representatives 
for this engine in this country are the Safix Marine 
Engine and Motor Company.’ 16, Bevis Marks, 
London, E.C. 3. 

Reference was made last week to the only example 
of separate scavenging exhibited. This small hori- 
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or lower speed by the hand wheel situated on the 
top of the governor spindle. 

For small sizes a reversible propeller or a separate 
reverse gear and clutch is provided: The larger 
engines, however, are directly reversible on air, 
a shaft running fore and aft with ahead and 
astern cams and levers operating in sequence on an 
air-admission valve in each cylinder. The central 
hand wheel, when rotated, reverses the fulcrum 
shaft ef these levers and brings the air cams into 
operation, and the fael pumps also into sequence. 
This type of engine is made in one, two, three and 
four-cylinder types, from 10 brake horse-power to 





zontal engine is shown in Fig. 39. The main piston 
has a piston rod, and the crosshead forms the piston 
of the scavenging pump. By this means the crank 
chamber can be either left open and very accessible, 
as in this case, or can be force-lubricated throughout. 
In respect of this separate combined scavenging 
pump and crosshead this engine follows a practice 
which is gaining ground in America, The other 
features of this engine, the retention of the water 
drip, the low compression and the large hot-bulb 
present no novelty. The bottom end of the main 
bearings have ball bearings, and a shaft governor 
controls the strokes of the fuel and water pumps: 


The other features of the’ engine, which is shown 
by Messrs. W. and 8. Pollock and ‘Co., of 73, 
' Robertson-street, Glasgow, will be quite apparent 
from an inspection of the illustration: 

Recently there has been a large development of 
the semi-Diesel engine in the United States of 
America, and the remaining type of engine to be 
noticed is American in origin. This is the Babcock 
and Wilcox-Munktell engine which is manufac- 
tured in sizes from 10 brake horsepower to 
500 brake horse-power, the exhibit being a two- 
cylinder marine engine of 50 brake horse-power' at 
375 r.p.m., with which is incorporated a reverse 
gear and clutch: This engine follows the best 
standard practice ; it requires no water drip and is 
capable of burning a wide range of fuel oils and of 
running light or slow without the starting blow 
lamp being required. A small Babcock and Wilcox 
Munktell horizontal engine is also shown incor- 
porated as the power unit of an oil engine winch, 
of which two sizes are made, to lift respectively 
1 ton and 1} tons direct. 

In no respect is this representative exhibition more 
complete and interesting than where the semi- 
Diesel oil engine is concerned. Apart from the 
types mentioned in this and our last issue, there 
are others of excellent design and construction 
of various powers and duties. Naturally, in Glasgow 
the marine market is the more sought after, and so 
most of the engines shown are models designed 
for marine work. The great variety of the methods 
adopted by various constructors to meet marine 
requirements shows that finality in design 
has not yet been In a number of cases 
the gear associated with regulating the fuel feed is 
too complicated for ordinary sea-going work. In 
other instances, the more delicate mechanisms are 
hidden and somewhat inaccessible. For marine 
work, we would urge the necessity for simplicity, 
robustness and aecessibility. Where marine engines 
have been developed from land practice, adverse 
criticism on these three counts can generally be 
made. 

Turning now to more miscellaneous exhibits we 
may ‘first refer to an in’ ing series of electric 
furnaces shown by the Leeds Electrical Con- 
struction Company, Limited, of Charmouth-street, 
Leeds. Of these perhaps the most novel. is the 
electric rivet. «heater shown in Fig. 41, annexed. 
Electri¢~, rivet. heaters of the type im which the 
rivet itself forms part of a secondary electric cir- 
cuit, have been brought forward pro- 
minently during recent months, but in the matter 
of heat regulation and current consumption the 
type shown in the figure would appear to possess 
qualifications of importance. In this form it is 
impossible for the rivets to become overheated, and 
at the same time energy loss owing to radiation is 
to a large extent eliminated. 

The arrangement consists of a rotary furnace 
with a central tube open at the ends, The central 
tube is made of refractory material said to be 
capable. of standing a temperature of up to 1,600 
deg. C. without softening or distortion. This tube 
is heated by a winding of resistance alloy outside it, 
the winding being protected by the outer cover 
which can, be.seen in the figure. This cover is of 
metal, and forms part ofa complete earthed metallic¢ 
protection which encloses all electrical gear and 
connections. The rivets which are to be heated are 
placed in. the central tube at one end and emerge at 
the other, raised to, the requisite temperature. 
The method.by which the rivets are traversed 
forward in the tube is extraordinarily simple. The 
whole furnace continually rotates, being driven 
by a small motor and the worm gearing which can 
be seen in the figure, and the rivets are fed into the 
tube shank end foremost. When a rivet lies in this 
way at the feeding end of the tube the rotation of 
the furnace tends to carry it round with the inner 
surface of the central tube. The rivet accordingly 
mounts on to the slope until a point)is reached when 
the contact friction can no longer sustain it, and 
it rolls down. The rivet is, of, course, resting 
on the head and on the point, and owing, to, the 
greater diameter of the head when it rolls. it, pivots 
to some extent on the small end, and the result, is 
that it travels forward bodily a slight distance, in 
the tube. When the rivet comes to, rest, itis again 
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lifted by the rotation of the tube, again rolls down 
and travels forward and so on, the effect being a 
gradual translation towards the far end of the tube, 
in a series of steps. 

We have seen this automatic travelling of the 
rivets in operation and it appears to work perfectly. 
When the rivets reach the far end of the tube 
they may either be removed with tongs, or allowed 
to fall into a receptacle. The, speed of travel of 
the rivets depends naturally|on the speed of rotation 
of the furnace, but it depends also on the ratio 
between their diameter and length, the longer rivet 
travelling more slowly, as will be.clear from. what we 
said about the mechanism of the operation. | This is, 
of course, exactly what is required, the longer rivets 
demanding a longer heating time. An additional 
control over the heat attained by. the rivets is 
provided by a control gear regulating the heat, of 
the furnace winding. The time taken by the heater 
to reach its maximum temperature, from first 
switching on, is approximately 25 minutes, and the 
furnace is able to heat four } in. diameter rivets 
per minute, This applies to the size of furnace 
intended for dealing with rivets of this size as a 
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Fie. 44. Evecrric Rrver HEATER ; 


Tue A.C., 
Curtine AND WELDING Co., 


Lrp. 


maximum. This furnace on a test heated 240 
}-in. rivets, 2 in. long, with an expenditure of energy 
of 5 Board of Trade units. This included the 
current supplied for driving the motor. 

It should be said that the rivet heater, in common 
with other furnaces manufactured by the Leeds 
Electrical Construction Company, is known by the 
name of “ Lecfur.” Another furnace made by the 
firm is illustrated in Fig. 40, page 731. This shows 
a non-ferrous metal melting furnace of the resistance 
type. As will be gathered from the figure, the 
furnace is of the cylindrical vertical type carried on 
a cast-iron stand and arranged to tilt for pouring. 
The tilting gear is so arranzed that the furnace is 
self-sustaining in ‘any position. The refractory 
material of the melting chamber is capable of 
standing temperatures up to 1,600 deg. C., is 
chemically inert and has no reaction with non- 
ferrous metals, while the heating element is of an 
alloy with a melting temperature of 1,500 deg. C. 
It is wound in intimate contact with the outside 
of the melting chamber. The space between the 
chamber and the outer shell of the furnace is filled 
with heat insulating lagging. As will be seen, 
® pouritig spout lined with refractory material is 
provided’ on the furnace, and’ also a lined cover 
operated by # worm gear. Among the advantages 








of carrying out the melting of non-ferrous metals 
in a furnace of this type are the extreme accuracy 
of temperature control and the fact that the metal 
is heated in what is practically a non-oxidising 
atmosphere, Losses due to oxydation and vapouri- 
sation are reduced to a minimum. The rate of 
melting naturally depends on the metal being melted 
and the capacity of the particular furnace, used, 
but as an average figure it may be said that brass 
is melted in about 35 minutes. The thermal 
efficiency is high, and when melting commercial) 
brass the average energy consumption is 400 i 











features ‘the furnace fi on the roy hose 
we have : about, and heed seed 
with’ t should be said, however, 


two chambers are under separate electrical control, 
so that the furnace can be used for 
and . The furnace illustratedis 
for the heat-treatment of haa 2 ead alloy stels 














Fic. 45. 


up to a maximum working temperature of 1,100 
deg. C. A temperature regulation of 25 per cent. 
is provided. The particular suitability of an 
electric furnace of this type for much heat-treatment 
work need not be insisted on. The temperature is 


under perfect and the ——— of working 
is e y free from products of combustion. 
The articles d are also heated very evenly, 
since the ; Lycopene of the muffles are 
all uniformly | eel There 
is little heat loss by radiation, and with electricity 
at Id. a | of current comes out at about 


31s. per ton of metal heated. 

A further important feature of the furnace is 
illustrated by our two figures, which show the 
furnace both upright and tilted. The tilting 
arrangement has been introduced in order that 
articles being treated may be transferred to the 
quenching tank in the minimum of time after the 
desired temperature has been reached. To obtain 
the best results in heat-treatment work it is 
important that quenching be carried out at the 
correct temperature, and with any operation 
involving the removal of articles from the muffle 
with tongs it is always possible that some cooling 
may occur. With this furnace the articles are 
shot. straight into the quenching tank, which is 
situated below it, by tilting. The doors: are pro- 
vided) with spring latches, as shown in Fig. 42, 
which may be: operated after tilting. The time 
between leaving the furnace and quenching is, of 
course, minute, so that cooling and surface decar- 
bonisation are eliminated. The makers estimate 

















the time at one thirty-second ‘part of a second. 


An electric rivet. heater of the type in which the 
rivet forms part of the secondary circuit of a trans- 
former is illustrated in Fig. 44 subjoined. _ This 
is shown by The A.C. Cutting and Welding Company, 
Limited, of 25-27, Theobald’s-road, London, W.C.1 
Appliances of this type are, of course, very simple 
and. very convenient in view of the speed with 
which work can ‘be started at the ing of a 
shift and carried on right up to shutting down. 
They are also suitable for introduction into situa, 


tions in which the fume sfrom an coké fire 
would be objectionable, while they have the further 
dvantage that the heated are directly 
view, and are uen not. | to be 
Even in the a of rivets left in 
one or two only would be a 

a quantity as. easily occur with a 
e details of _ heater ‘are so si le 
extended desc is: The 


or un consi eaten ais the heater 
found for either 220 volts or 7 v 2 
dary circuit is, of course, of 

tage and there is no danger in handling the méta! 
[parte Fa this cireuit. The machine shown. 
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as will be seen, is arranged for four rivets at a time 
and the upper contacts are lifted independently 
by pedals for the insertion of the rivets or to accom- 
modate rivets of different lengths. The appliance 
is made in various ‘sizes and capacities. While 
thet «sucha Whis'al alnmieioe tr should also say 


type of is exhibited on the 
rs. J, A. | and Co., Limited. 
rn 3 w. This is of 


American Car and 

| vee illustrated and 

in our » of last, page 730. 

As a somewhat silied type of exhibit we may also 

refer to the ‘‘Remca” electric riveting machine. 

also exhibited by this firm. This apparatus, which 

is manufactured by the Mada Engineering Company 

of Liverpool, was fully illustrated and dealt with in 
our issue of May, 7 last, page 625. 

An interesting series of exhibits is to be seen 
on the stand of Messrs. Edmiston, Brown and Co., 
Limited, of 219, St. Vincent-street, Glasgow. These 
include a Robey uniflow steam engine and a Robey 
semi-Diesel marine engine, haulage gears, reversing 
propellers and other details. From among the 
material shown we have selected an air filter 
intended for use in connection with the supply of 
cooling air to alternators or for general ventilation 

purposes. This apparatus, which is illustrated in 
Figs: 45 and 46 annexed, is manufactured by 
Messrs. Cleworth,.Wheal,'and (o.,, Limited, of 
Grange Engineering Works, Castleton, Lancashire. 
The arrangement. consists of two or more rotors 
built up of fine mesh expanded metal and mounted 
on/a shaft which is:slowly rotated by'a worm gear 


that a similar 
stand of Messrs. 
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2-8-0 TYPE SUPERHEATER 


Fig. 3. 


which can be’seen in Fig. 45, and which can of course 
be driven by belt, or motor. The lower part of the 
case containing the rotors forms a tank, and the 
depth ot the water is arranged so that the rotors 
dip into it to the depth of a few inches. The air 
which is being cleaned and cooled passes through 
the machine and the mesh of the expanded metal 
is set so that the air pursues a tortuous course 
through the rotors. As the whole surface of the 
expanded metal is wetted by the water picked up 
the scrubbing action of the air causes it to be cooled 
and cleaned. Eliminating baffles at the back of the 
filter catch loose moisture which is carried by the 
air current, and cause it to drain back to the tank. 
The depth of water is maintained by an ordinary 
ball valve, and the resistance of the plant does not 
exceed 4 in. water gauge. It will be obvious that the 
whole arrangement is little likely to give trouble. 

Messrs. Cleworth Wheal also construct a desk 
fan on similar lines to this larger apparatus. The 
fan is self-contained and simple, and should prove 
a boon in many situations. The firm also constructs 
an ingenious water cooler, which is in effect a small 
self-contained cooling tower. It is made in various 
sizes for dealing with from 650 gallons to 24,000 
gallons an hour. The plant should be of great 
convenience for use in connection with the jacket 
water of internal combustion engines and similar 
services. The arrangement consists of a metal 
tower with a fan at the top. § The body of the tower 
contains a series of baffle plates, and the water 
enters at the top, falling on to these baffles and being 
broken up into a fine spray. The air is drawn 
in at the bottom and meeting the water spray 
effectively cools it. The cooled water collects in 
a tank at the ‘bottom of the tower, and may be 
tapped away for using again. 

(To be continued. ) 





LOCOMOTIVE FOR THE 


Fig. 4. 


2-8-0 TYPE SUPERHEATER LOCOMOTIVE 
FOR THE: BELGIAN STATE RAILWAYS. 

A LARGE number of 2 8-0 type locomotives have 
been built recently for the Belgian State Railways 
by Sir W. G. Armstrong, Whitworth & Co., Limited, 
at their Scotswood works. The order consisted of 
200 locomotives. The design of these engines was 
worked out by the firm, in collaboration with engineers 
of the Belgian State Railways. They are of the 
superheater type, and are very powerful, being fitted 
with two cylinders, 24 in, in diameter by 28 in. stroke, 
and having a boiler pressure of 200 lb. per square inch. 
At 85. per cent. boiler pressure the tractive force works 
out at 45,820 lb. The ratio of adhesive weight to 
tractive force is 3 to 1. 

In our two-page Plate LX XI with this week’s issue 
of ENGINEERING, we give in Fig. 1 a sectional elevation 
of this design of engine. In Fig. 2 we give two half 
plans, one through the frames and axle-boxes and the 
other above the running-board. In Figs. 3 and 4 above 
are shown cross-sections, &c. ‘The first consists of a half 
cross-section taken through the cylinders, and a half 
front end elevation with part of the smoke-box broken 
away to show the superheater header and steam pipe. 
Fig, 4 gives a half section through the fire-box, and a 
half end elevation at the cab. 

The boiler barrel is composed of three rings, 5 ft. 64 in. 
in diameter outside the largest ring, and is 14 ft. 9} in. 
in length ; the length between the tube plates.is 14ft. 9in. 
The fire-box is of the Belpaire type, the inner box being 
of copper. The latter is 10 ft. 6 in. long and 3 ft./3% in. 
wide at the bottom. It is designed for and fitted with 
a grate for burning briquettes, the grate havi 
specially small air spaces for this reason. The bac 
head of the boiler slopes forward and the is also 
sloped considerably. Two forms of super r have 
been. used in this contract, namely of Messrs. 
Marine and Locomotive Superheaters, Limited, and 
the Robinson pattern. 

The engine is desi to pass over curves of 120 
metres aioe At the front end a pony truck is pro- 
vided, centred just at the back of the cylinder box stay. 


BELGIAN STATE RAILWAYS. 


CONSTRUCTED BY MESSRS. SIR W. G. ARMSTRONG, WHITWORTH AND CO., LIMITED, ENGINEERS, SCOTSWOOD. 











The truck and two front pairs of drivers are equalised 
in the usual manner. At the trailing end the rear axle 
is given 30 mm. (1*2 in.) side play in the bexes to 
either side. The axle loading is , the heaviest 
load being on the main drivers with 18 tons 17 cwt. 
The coupling rod pins for the trailing wheels are 
spherical. © append a table giving the principal 
dimensions, &c. 

Locomotive— 





Cylinders, number 

Cylinders, diameter 
Cylinders, stroke ... 
Wheels, diameter ... 


(To be continued.) 


3. 
24 in. 


28 in. 
4 ft. 11°84 in. 


Wheelbase ... eee 28 ft. 1} in. 
Wheelbase, fixed ... 12 ft. 1 in, 
Boiler, diameter ... 5 ft. % in. 
Boiler, length of barrel 14 ft. 94 in, 
Fire-box, —— oss 10 ft. 6 in, 
Fire-box, width 3 ft. 3% in, 
Tubes, boiler, number... 174. 
Tubes, boiler, diameter ... 1-969 in. 
Tubes, smoke, number ... 28. 
Tubes, smoke, diameter ... 5-236 in. 
Tubes, length oe _ 14 ft. 11% in, 
Heating surface, boiler tubes 1,323 -9 aq. ft. 
Heating surface, smoke tubes 565-2 sq. ft. 
Heating surface, fire-box 202-5 sq. ft. 
Heating surface, total 2,001 -6 eq. ft. 
Superheating surface 479 sq, ft, 
Working pressure ... 200 lb. sq. in, 
Grate area ... ans opi Le t. 
Length gee | eos cee 38 ft. 2 in. 
Weight in working order 80 tons 4 owt. 
Tender— 
Coal capaci’ 6 tons 17 cwt. 
Water Sealy -« 23 tons,12 cwt. 
Weight aoe one be .-. 52 tons 16 cwt. 
Engine and tender, total weight in working order, 
133 tons. 





British Cuamsper or Commence ror lrary.—The 
British Chamber of Commerce for Italy has removed from 
75, Via Nazionale, Rome, to 238, Via Sicilia, Rome, 
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THE CONSTRUCTION OF THE HYDRO- 
Ape POWER CANAL AT NIAGARA 
FALLS. . 


Tus Hydro-Electric Power Commission of Ontario, 
Canada, is engaged on the construction of what is 
said to be the largest water-power canal in North 
America. The canal proper is about 84 miles long, 
and the undertaking involves the removal of about 
19,000,000 cub. yards of earth and rock. All this 
has to be removed by cars to the dumps, the distances 
averaging about 7 miles. By this scheme water will be 
taken along the Welland River for about 4} miles 
from Chippawa. The river is being deepened, and its 
direction of flow will be reversed. Leaving the river 
the water will be taken through the canal proper to 
Queenston at the edge of the cliff marking the limit 
of the Niagara River Gorge. The power-house will be 
located at Queenston where the net head available 
will be 305 ft. The actual difference of level between 
Lakes Ontario and Erie is 326 ft. The present power 
plants at ey 74 utilise heads of 150 ft. to 200 ft., 
which is the height of the falls alone, without the 
additional drop obtainable by using a site beyond the 
Rapids. This will be included in the new scheme, 
and about twice the head obtained thereby. The 
canal is designed to carry sufficient water to generate 
over 400,000 h.p. The first installation at the power- 
house is to consist of four units, each of 40,000 kw., 
though larger units are, we believe, contemplated for 
the later additions, 

“The canal alignment traverses country which will 
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involve a cut of about 140 ft. at the deepest point. 
The first 6,250 ft. after the Welland River Section is 
excavation in earth. Over this portion the canal will 
have a trapizoidal section with a bottom width of 
70 ft. and a side slope of 14 to 1. This section is 
followed by a length of 36,252 ft., which is being 
cut through rock, the width being here 48 ft., with 
almost vertical sides, of a depth at the highest point 
through the rock of something like 70 ft., above which 
the soil is dressed off at a slops of 14 to 1. The canal 
is to be concrete lined. There are five changes of 
direction on the canal, the inside and outside curves 
at these points being all struck to 300 ft. radius, so 
that the actual width at these places will be greater 
than the normal section. 

The greater part of the excavating machinery being 
used for this work is electric, though some steam 
excavators have been introduced lately in accordance 
with an accelerated programme, it having bsen found 
difficult to secure delivery of further electrical equip- 
ment, ,The plant includes electrically-opsrated ex- 
cavators, locomotives, air compressors, &c. The main 
shovel equipment consists of three large electrically- 
operated shovels by the Bucyrus Company, whose 
London offices are at Iddesleigh House, Westminster, 
S.W. 1. These particular machines weigh about 
300 (short) tons, one of them is ‘equipped with a 
90-ft. boom and the other two with 80-ft. booms, all 
with shovels capable of taking 8 oub, yards of earth 
or 6 cub. yards of rock. There are, further, several 
electric railroad-type shovels, and eighteen 50-ton 
electric locomotives. The rolling-stock consists of over 
one hundred and fifty 20-yard air dump cars. Our 
illustrations, Figs. 1 to 4, page 740, will give a good 
idea of the larger machines, and the conditions under 
which they are working. From the foregoing remarks 
on the canal it will b> gathered that the excavation 
work requires high lifts, the loading tracks to the spoil 
dumps baing frequently 60 ft, to 70 ft. above the rail 
level of the excavating machine.’ Fig. 1 shows one 





of these shovels at a deep point of the cut, the whole 
depth being taken at one cut. This view also gives 
dn idea of the reach of the shovel, and the ease with 
which it can dump into cars at high level, the opera- 
tion being again depicted in Fig. 3. Fig. 4 gives an 
idea of the cut itself. In places this cut was 80 ft., 
but small pilot cuts were run through on either 
side for the loading trucks. On account of the 
short rear end it has been possible to use these big 
machines in the narrow rock sections where the perpen- 
dicular sides are so close together as to allow of only 
a 30-deg. swing each side of the centre. The high lift 
simplifies considerably the problem of training the spoil 
away, while the long reach allows an enormous amount 
of material to be cleared without shifting the machine 
or the track. 

The machinery, electrical equipment and house of 
these large shovels, are mounted on a girder-type 
frame which rotates on a roller circle 30 ft. in diameter. 
The three movements of hoisting, racking and swinging 
are obtained with separate motors, the hoisting motors, 
however, being used also for the purpose of propelling 
the machine. Power is taken to the shovel from a 
nearby overhead line parallel to the cut, to a three- 
conductor armoured cable. The current is 4,000 volts. 
three-phase, 25 cycles, and in order to to” the 
three 150-k.v.a. transformers on the revolving frame 
is taken through collector rings at the centre of rotation. 
The current is transformed to 440 volts for the motors 
and controlequipment. Fig. 2 shows one of the shovel 
frames with the control panels with the transformers 
behind them, at the far end, and the large hoisting 
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drum and motors and the swinging motor towards the 
nearer end. ’ 

The hoisting unit consists of two motors of 225 h.p., 
intermittent rating, driving the 54-in. winding drum, 
by double helical gears and an intermediate shaft. 
The cable is 2 in. By means of a band clutch 
operated by poe f air from a motor-driven 
compressor, the motors, intermediate shaft, and main 
hoist gear can be disconnected from the drum. An 
air operated band brake on the drum shaft is used for 
holding the shovel at the desired height while swinging. 
Two hoist motors are used as the particular type 
suitable for rough shovel work has not been developed 
in the larger sizes, and also for the reason that the 
flywheel effect of two small motors is less than it would 
be for one large one of this character. 

The swing, or radiusing motor is 140 h.p., inter- 
mittent rating, and is geared through reduction gearing 
to a pinion meshing with the rack on the stationary 
base. A slipping clutch on one of the intermediate 
shafts relieves overstrains due to rough handling, 
as in the steam shovel. The thrust or racking motor 
is also of 140 h.p., and this gear is also fitted with a 
slipping clutch to protect it. An air operated band 
brake automatically controlled relieves the racking 
motor when it is desired to hold the shovel at a certain 
radius. The whole machine is moved by the hoisting 
motors through shafts and gears passing to the lower 
frame through the centre, and geared to all the 16 
wheels of the machine. 

The control equipment is of the magnetic type, 
equipped with automatic gear to limit the accelerating 
p2ak load, and also on the hoist motor to limit overload 
while digging, by the automatic insertion of resistance 
in the motor circuit. This is effected without interrup- 
ting the pull on the bucket. The bucket is arranged for 
regenerative lowering, that is to say, after dumping 
the load the motor is reversed and! the falling shovel 





overhauls the motors, driving them above the syn- 
chronous speed so that energy is returned to the line. 





Not only does this reduce the total current consumption, 
but it also results in a reduction of brake wear, and a 
considerable simplification of control and operation. 
A Toad curve taken with a recording meter on one of 
these shovels is shown in Figs. 5 and 6 herewith. 
A zero line is shown in both figures above which the 
ordinates represent the kilowatt input, and below 
the kilowatts returned due to this regenerative 
lowering. The actual power regained does not show 
in Fig. 5 because all three motions are in use simulta- 
neously and the consumption by the racking and 
radiusing motors reduces the return to the line. 
Fig. 6 ie a curve for the hoisting motors, only from 
which it appears that the power regenerated amounts 
to about 16 per cent. of that used. d 

In regard to the speed of operation these large 
machines will make a complete working cycle in 
from 30 to 50 seconds, depending on the -nature of 
the digging, the height of lift and the angle of swing. 
The maximum yardage loaded into cars in one 10-hour 
shift, on this project, has been 4,930 cub. yards 
bank measurement, obtained when the shovel was 
served with trains on either side. The best monthly 
run, consisting of two 10-hour shifts for a total of 
26 days has been 175,800 cub. yards bank measurement, 
or a daily average per 10-hour shift of 3,380 cub. yards. 
These records were made when the machines were 
digging stiff clay against a bank about 30 ft. to 40 ft. 
high. On this job the exceptionally good figure of 
75 per cent. of the total working time"has been spent 
by these electric excavators in actual digging. 

The power consumption varies on this work from 
about 4 kw.-hr. to 10 kw.-hr. per cubic yard for the 
small machines mentioned above, to 8 kw.-hr. to 
10 kw.-hr. per cubic yard for the large excavators, 
hoisting the material 60 ft. to 70 ft. to the cars being 
loaded. The comparative cost of operating steam 
and electric shovels depends of course on local condi- 
tions, the relative cost of coal and power, &c. Even 
the large electric excavators we have described are 
capable of control by one man which cuts out at least 
the fireman and a helper for coaling the machine, and 
often an additional cranesman. Where water is bad, 
the climate severe, boiler troubles may be considerable. 
These, of course, are obviated. In some cases where 
steam and electric machines have been working side 
by side, the latter have shown the greater output merely 
as the result of more continuous service, and not as the 
result of greater speed. 








Wetsu Coar,—Foreign cargo exports last week, at 
270,000 tons, were 182,000 tons in excess of those for 


the preceding week, and indicate a return to pre-strike 
levels. Of the total, 174,000 tons were supplied to 
France, 39,000 tons to Italy, 2,000 tons to South 


America, 5,000 tons to Spain, 6,000 tons to Portugal, 
21,000 tons to British coaling stations, and 22,000 tons 
to other countries. 


THE CaMMELL ConcrEeTE BLock Macuine.—A demon- 
stration in the manufacture of hollow concrete blocks 
was given last Tuesday, at 83, Forest-street, Forest 
Gate, with the Cammell concrete block press. The 
blocks made were of 5 to 1 concrete (3 shingle, 2 sand 
and 1 cement), measuring 12 in. by 8 in. and 6 in. deep, 
weighing 28 Ib. in the dry state. The press gives a 
pressure up to 40 tons, which operates throughout the 
mass of the concrete forming the block, and so con- 
solidates the material that there is practically no 
shrinkage by drying in the open air, A feature of the 
mould is the provision made for releasing its four sides 
after the block has been pressed, thus enabling the easy 
withdrawal of the latter. The concrete blocks turned 
out by the machine are said to be suitable for all classes 
of structures, from cottage building to the heaviest 
engineering work, and it is claimed that they can be 
“built in’’ within 24 hours of leaving the press. 
Crushing tests made of Cammell cored blocks, 37 days 
old, and of the above composition, showed a crushing 
strength of 84 tons per square foot; the actual load 
taken to break the block being 57-02 tons. 


PrersonaL.—-Messrs. Thomas Tilling, Limited, state 
that their registered office is now 20, Victoria-street, 
Westminster, S.W. 1. Telephone: Victoria 9756. 
Telegrams: Tilling, Vic, London.—Mr. John Bentley, 
manager of the switchgear department of Messrs. 
Laurence, Scott and Co., Limited, Norwich, is leaving 
to take up an appointment with Messrs. J. H. Wilson 
and Co., Limited, Birkenhead.—We are informed that 
the Harbour Improvement and Mechanical Engineering 
Company, Limited, has been formed to develop interests 

reviously controlled by Mr. B. J. Allison, 53, New 
Broad-street, E.C. 2, and is interested in contracting 
to supply and deliver dredgers, tugs and similar floating 
harbour plant, and also to supply and erect cranes 
of all types for harbour and dock purposes, &c. The 
company has made arrangements with Wilton’s Engin- 
eering and Slipway Company, Rotterdam, this placing 
them in a very favourable position, for dealing with the 
shipbuilding side of the business. It has also obtained 
the sole concession of the crane designs of the Figee 
Works, Haarlem, SS or the fe reo to 
su all types of cranes and other hoisting machinery 
ay of the world. All inquiries should be 
ad to the Company, at their. offices, 53, New 
Broad-street, London, E.C, 2. 
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THE CYCLAID MOTOR: BICYCLE. 


CONSTRUCTED BY THE SHEPPEE MOTOR COMPANY, LTD., ENGINEERS, YORK. 
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Amone machines intended to cater for the buyer 
who wants a motor very much lighter than the ordi- 
nary motor-cycle is the ‘‘ Cyclaid,” exhibited at the 
Cycle and Motot Cycle Show'‘by the Sheppee Motor 
Company, Limited, Thomas-street, York. We give an 
illustration of this machine above, from which it will 
be seen that the motor is entirely carried on{the front 
forks, while the rest of the cycle is an ordinary pedal 
cycle. In fact, the front forks and motor are sold as 
a separate unit for attachment to an ordinary cycle 
if desired. 

The motor is a two-stroke engine, with cylinder 
2 in. by 2 in. (560 mm. by 50 mm.), rated at 1} h.p., 
placed on one side of the front hub, and having a 
crankshaft extending right through the hub to the 
other side. This allows of the main bearings being 
placed well apart. On the opposite side to the engine 
a chain wheel is placed which drives a countershaft 
near the top of the front fork, from which the hub is 
driven by another chain. The total reduction between 
the engine and wheelis 11 to1. This gives a maximum 
speed of 25 miles an hour at 2,500 revolutions. The 
countershaft runs on Hoffman ball bearings, and has 
on it a plate clutch with cork inserts, giving a free 
engine when desired. The petrol and oil tanks are 
placed on the front forks, which are spring mounted. 
Lubrication is automatic, by a small pump driven off 
the hub by a worm and wheel. The weight is stated to 
bo 381b., in addition to the weight of the ordinary cycle. 

It will be seen that this fitting has the merit of 
not placing any additional weight on the frame of the 
cycle while the engine is away from the rider’s clothes, 
and therefore special garments should not be neces- 
sary for riding. 








NOTCHED-BAR IMPACT TESTS.* 
THe CHARACTERISTICS OF NoTCHED-BarR Impact TEsTs. 
By Tuomas Ernest Sranton, C.B.E., D.Sc., F.R.S., 


M.Inst.C.E. and Reernatp Georce Cyr Batson, 
Assoc.M.Inst.C.E. 


AFTFR giving a brief account of the early work on the 

subject, together with the progress of the standardisation 
of the notched-bar test in Europe, the paper points out 
that, although the value of the test in discriminating 
between correctly and incorrectly heat-treated material 
has long been fully recognised. the chief objections to 
immediate standardisation in Britain were :— 
_ (1) The desirability of obtaining a more definite 
interpretation of the test, to determine whether the 
relative results obtained had any relation to the relative 
impact strength of the materials when in practical use. 

(2) The variability in the results of individual tests. 
_A research on these lines was commenced at the 
National Physical Laboratory in 1915, with the aid 
of funds granted by the Institution, and the construction 
of the necessary apparatus was put in hand. Before, 
however, the tests could be commenced, it was decided 
by the Panel of the British Engineering Standards 
Association, which dealt with notched-bar tests in 1916, 
that the programme should be suspended in order to 
investigate the relative superiority of the different forms 


* Abstracts of three papers read before the Institution 
of Civil Engineers on Tuesday, November 30, 1920. 


of notch commonly used for 10 mm. by 10 mm. notch-bar 
specimens in this country and on the Continent. The 
reason for this action was that, owing to the adoption 
of the test by the Ministry of Munitions as an acceptance 
test in specifications, the standardisation of a notch 
which could be easily machined in alloy steels was impera- 
tive. 

A series of tests was accordingly made at the National 
Physical Laboratory to investigate : 

(a) The effect on the work of fracture and the con- 
sistency of the results obtained of a variation in the 
angle and sharpness of the notch in 10 mm. by 10 mm. 
specimens, 





(b) The sensitivity of the various types of V-notch 
in revealing faulty heat treatment. 

Broadly, the results of the tests may be summed up as 
follows : 

(1) The shape of the bottom of the notch has an 
important effect on the work of fracture, which has its 
least value when the angle at the bottom of the notch is 
as nearly zero as can be obtained. 

(2) The variations in the results of individual tests 
are not inherent in the method of test, but are due to 
a want of homogeneity in the material. This conclusion 
was also confirmed about the same time by M. Charpy, 
who found that by taking extraordinary care in heat 
treatment to ensure homogeneity of structure in the 
material tested, it is possible to obtain a degree of 
uniformity in the results of the notched-bar tests which 
is higher than any other mechanical test to which the 
material can be subjected. 

(3) The form of 10 mm. by 10 mm. specimen developed 
by the Aeronautical Inspection Directorate during 
war, which has a 45-deg. notch having a radius of 
0-25 mm. at the bottom, is equally as effective in the 
detection of faulty heat treatment as the Charpy speci- 
men. It is not, of course, suggested that these are the 
only two specimens which are effective in the detection 
of heat treatment, as, for instance, it is well known that 
the Frémont specimen is quite satisfactory in this 

t. 

Dimensional Effect on Notched-Bar Testing.—After the 

| conclusion of the standardisation work on the 10 mm. 
y 10 mm. specimen, the original investigation was 
taken up again. 

In order to obtain a clearer interpretation of the test, 
it was decided that a careful study of the dimensional 
effect in notched-bar impact tests should be made. For 
this purpose, five geometrically similar test-pieces, whose 
cross-sectional dimensions were 5 mm. by 5 mm., 10 mm. 
by 10 mm., 15 mm. by 15 mm., 30 mm. by 30 mm., and 
63 mm. by 63 mm., were selected, and five geometrically 
similar sets of strikers and knife edges were fitted to five 
testing machines in which the masses of the striking 
hammers and anvils carrying the specimens were roughly 
bay, mabe rag to the masses of the respective specimens. 

omplete series of tests were made on a low-carbon 
steel, a high-carbon steel and Yorkshire iron. Broadly 
stated, the results of the tests on these materials showed 
that it was quite impossible to predict which material 
would be the safest to use in a structure subject to 
vibration and shock except by experiments on the full 
scale, It must be realised, of course, that the materials 
in question were widely different as regards mechanical 
properties, and the comparison obtained was an extreme 
one, Nevertheless, the conclusion seems unavoidable 
that the value of the impact test, as at present under- 
stood, lies not in discriminating between the impact 
resistances of different materials, but as a means of 





ensurt 





ing that the impact strength of any given material 
is at its highest, 
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Effect on the Work of Fracture of the Striking Velocity 
of the Hammer.—No definite evidence that the rapidity 
of the fracture had any appreciable effect on the work 
done in fracture had been noted by previous experimen- 
ters. In their experiments, however, the value of the 
striking velocity of the hammer had not exceeded about 
20 ft. per second. Owing to the facts that some experi- 
ments carried out at the National Physical Laboratory 
at 28 ft. per second gave indications of a possible velocity 
effect, and that Sir Robert Hadfield had also found 
marked effects due to velocity of striking in the case of 
embrittled steels, it was decided to make tests at still 
higher velocities. 

The 10 mm. by 10 mm. testing machine was therefore 
fitted with arrangement to give velocities up to 43 ft. per 
second, and tests have been carried out on various 
materials at striking velocities up to this value. 

Jt was found that the speed effect depended on the 
nature of the material tested, and when it existed did 
not necessarily imply a reduction of the energy for frac- 
ture as the speed increased. 

In those materials which had a marked velocity effect, 
this effect was only definite at velocities above about 
16 ft. to 20 ft. per second, 

It was thought that the work of fracture might contain 

a term depending on the time of fracture of the test-piece. 
Tests were, therefore, made to determine the time of 
fracture as well as the value of the energy of fracture. 
The specimen was placed in the circuit of one of the 
wires of an Einthoven galvanometer, and the reduction 
in resistance of the specimen, due to the reduction of its 
effective conducting section during fracture, was recorded 
on the photographic trace of the instrument, which was 
provided with a time scale. 
#@It appeared from the results that there was some 
indication that the energy of fracture was dependent 
on the rate of deformation of the specimen as well as 
on the deformation itself. 


Nores on THE Styneue-Birow Impact 


Notcnep Bars. 


By Ricnarp Henry Greaves, M.B.E., 
Harotp Moore, 0.B.E., B.Sc. 


Experimental work on notched-bar test-pieces from 
oil-hardened and tempered carbon, nickel and nickel- 
chromium steel forgings broken in the Guillery. Charpy 
and 120-ft.-lb. Izod machine, has led to the following 
conclusions :— 

(1) The 0-25 mm. radius V-notch test-piece specified 
by the British Engineering Standards Association appears 
to be the most satisfactory as regards discrimination 
between tough and brittle material, uniformity of 
results, and ease of machining. 

(2) Variations in the radius of the notch below 
0:25 mm. result in differences in impact figure, which do 
not on an average exceed 2 ft.-lb. in the case of the steels 
used, 

(3) Other conditions remaining the same, an increase 
in radius of the notch is accompanied by an increase in 
energy absorbed (from E; to E2) and for steels of the 
same type over a wide range of impact figure, EK, = FE) 
+ a constant. 

(4) The regularity of the results for certain types of 
steel is sufficient to enable the impact figure given by 
one of the forms of notch and machine used to be 
deduced approximately from that given by another form 
of notch and machine. 

The significance of the test is briefly discussed. It is 
regarded as a test of capacity for plastic yielding without 
rupture under localised stress. Reference is made to the 
practical value of the test in eliminating from materia] 
otherwise suitable that type which is most liable to 
fail in conditions of service where sudden localised 
stresses are unavoidable or may accidentally arise. 


Test ON 


M.Sec., and 


Tue Errect of OVERSTRAIN ON THE IMPACT FIGURE 
or STEEL. 


By Ricuarp Morean Jones, M.Sc., and Richarp Henry 
Greaves, M.B.E., M.Sc. 


Notched-bar impact tests were made under standard 
conditions in the 120-ft.-lb. Izod mechine on heat-treated 
carbon and nickel-chromium steels which had been 
subjected to varying degrees of overstrain. 

In each case the impact figure was progressively reduced 
by increasing amounts of overstrain, and was still 
further lowered by low-temperature annealing—a treat- 
ment which also results in recovery of the elastic limit 
and a slight increase in hardness. The impact figure of 
very brittle nickel-chromium steel (below 8 ft.-lb.) is not 
further lowered by overstrain. 

The results illustrate the effect on the impact figure 
which would be produced by cold work of any kind, 
e.g., hammering, rolling or drawing. 





Botrte Manufacture in Sovta Arrica.—We read 
in the South Africa Mining and Engineering Journal, 
that a bottle manufacturing industry, on a scale sufficient 
to meet local requirements for all classes of bottles, 
will be in operation in the Union within the next twelve 
months. 





Tue Barrrisn Sirk Resezarcn Assocration.—The 
Secretary of the Department of Scientific and Industrial 
Research an ounces that a licence has been issued by the 
Board of Trade to the British Silk Research Association 
which has been approved by the department as com- 
plying with the conditions laid down in the Government 
a tod for the encouragement of industrial research. 
The of this association is Mr. A. B. Ball, 
Silk Association of Great Britain and Ireland, Inc., 
Kingsway House, Kingsway, London, W.C. 
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DISTANCE-READING THERMOMETER. 


CONSTRUCTED BY,,\MESSRS., NEGRETTI AND ZAMBRA, LONDON. 




















Ly its broad lines a distance reading, or transmitting, 
thermometer need not differ from the ordinary mercury 
or spirit thermometer with which everyone is familiar. 
In its details, however, much consideration of the 
conditions which have to be met is necessary if accuracy 
is to be secured. Such thermometers may be either 
of the vapour pressure or liquid expansion types, but 
each has its own special difficulties and liabilities to 
error. The vapour-pressure type in general gives a 
very uneven scale, while variations in barometric 
pressure and the relative heights of the bulb and the 
indicator introduce sources of error. The liquid- 
expansion type is probably the simpler, but in this case, 
unless proper steps are taken to compensate for it, 
serious error may arise owing to differences in tempera- 
ture between the bulb and the indicator and the tube 
connecting it thereto. 

In practice it is seldom that the temperature of the 
connecting tube will be constant or will bear any 
constant relation to the temperature of the bulb, 
and.some method of compensating for the temperature 
of the tube is essential if the instrument is to have any 
accuracy. This compensation is sometimes arranged 
for by running a second tube parallel to the main tube 
and controlling the position of the scale of the indicat- 
ing instrument by the expansion or contraction of the 
liquid in the second tube. With this arrangement 
the effects of tube temperature balance out, since any 
error of position of the indicator due to the temperature 
of the connecting tube is compensated for by a corre- 
sponding “correcting error” in the position of the 
scale, This arrangement is, however, a comparatively 
complicated one, the indicating instrument contains 
two moving parts instead of one, and various connect- 
ing links and a number of pivots are necessary. 

Another method of correction is to introduce a 
bimetallic compensator in the indicating instrument 
to control the position of the scale. This again some- 
what complicates the instrument, but its obvious weak- 
ness lies in the fact that for it to operate accurately the 
connecting tube must always remain at the same tem- 
perature as the indicating instrument, which in many 
cases will be farfrom the case. The difficulty of varia- 
tion in the temperature of the connecting tube may also 
be to some extent met by making the tube of such small 
capacity that its total volume is negligible compared 
with the volume of the bulb. This method is clearly 
only an approximate one, and ir any case introduces 
practical difficulties if the connecting tube is required 
to be of any considerable length. An entirely different 
and very neat method of compensating for the tempera- 
ture of the connecting, or capillary, tube has recently 
been introduced by Messrs. Negretti and Zambra, 
of 38, Holborn Viaduct, London, E.C. 1. In addition 
to the new form of capillary tube the appliance also 
includes a new form of indicating Bourdon gauge, in 
which all connecting links and multiplying mechanism 
have been eliminated, and the complete instrument 
is one of great accuracy and at the same time of great 


en. 

method by which errors due to capi tube 
temperature are eliminated in the Negretti and bra 
instrument is a very neat one, and has the effect that 
each unit length of the capillary compensates for 
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itself and there is no outside, or overall, effect at all 
due to the temperature of the connection. Various 
parts of the —— may be at widely different 
temperatures without the accuracy of the thermometer 
being affected. This effect is achieved by making the 
capi of material of high expansion and running 
throughout its length a wire of a material of low 
expansion. The diameter of the wire is something 
less than the bore of the tube, and it is made in lengths 
so that it can slide in the tube when temperature 
changes occur. The space not occupied by the wire 
contains the working fluid, and the volume of the 
wire and fluid and the capacity of the tube are so 
calculated that for a given c in temperature 
the change in the volume of the fluid is the same as 
the change in the s it can occupy, so that no fluid 
is expelled into the indicator to move the index. 
ov ery ee pry yn flexible and can be 

nt several times at right without i 
or blocking the capillary. oo oe 

The new form of indicating instrument which is used 
in conjunction with this patented form of capillary 
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is of the Bourdon type, and is illustrated in Figs. 
1 and 2, annexed. These figures show the con- 
nection of the tube to the instrument, while Fig. 3 
shows the type of bulb which is used and indicates 
the diameter of the capillary and of the contained 
wire. The Bourdon gauge is of great interest since, 
as we have already mentioned, multiplying gears 
and, consequently, all gears and levers have been 
eliminated. This eliminates all frictional and back- 
lash errors, and even when the instrument is fixed 
in a position in which there is no vibration it is not 
necessary to tap it to bring it to the correct reading. 
The construction is a simple one and consists in con- 
necting the inner end of the Bourdon tube directly 
on to the pointer. In order to allow of this and to 
obtain sufficient movement to give an open scale, the 
tube is made to comprise several coils in two layers, 
as shown in Fig. 4. re is only one pair of pivots 
in the instrument, those carrying the pointer and the 
inner end of the Bourdon tube. 

It will be evident from what we have already said 
that the compensating arrangement of the capillary 
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tube does not compensate for variation in temperature 
of the indicating instrument itself. This is inde- 
pendently arranged for by a bimetallic strip, illustrated 
in Fig. 5. Owing to the simplicity of the instrument 
this compensation becomes of a very simple nature. 
There is another possible source of error in connec- 
tions with instruments of this kind to which we have 
not yet referred. This is that due to the height of the 
bulb with respect to the indicator. For short lengths 
this error is negligible, but if the bulb is fixed 50 ft. 
above the indicator a small error becomes apparent. 
This is very simply eliminated in the Negretti and 
Zambra instrument by adjusting the zero. This is 
carried out by the adjusting screw which can be seen 
at the top of the gauge in®Figs. 1 and 2. The effect 
of rotating this screw is to rotate the scale as a whole 
around the pointer centre. This very simple arrange- 
ment is allowable since the Bourdon tube is so pro- 
portioned that the scale is an absolutely uniform one. 
Our remaining illustrations, Figs. 6 and 7, on page 
736, do not require much comment. They show a special 
form of bulb and its mounting for a thermometer of 
this type mounted on an aeroplane for obtaining the 
air temperature. A number of these have been manu- 
factured by Messrs. Negretti and Zambra for the Air 
Board. The arrangement will be clear from the figures 
and it will be seen that the bulb is mounted in a 
cylindrical casing with uests of open-ended tubes 
at each end, so that it is subjected to a steady air flow. 





ROTOR BALANCING MACHINE. 

We illustrate on this page a machine devised by 
Mr. N. W. Akimoff for testing both the static and the 
dynamic balance of high-s rotors. The machine is 
shown in Fig. 1 as installed at the works of Messrs. 
William Beardmore and Co., with a 14-ton gear 
mounted upon it, but patterns are also made suitable for 
testing and adjusting the balance of motor-car crank- 
shafts and other light rotors. In general a rotor of any 
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kind may be out of balance in two ways as will be clear 
from a consideration of Fig. 2. In this diagram 
A B represents an ideally weightless shaft having 
moun on it four equal weights, C, D, E and F, 
symmetrically arranged as indicated. The centre of 
gravity of the system lies, therefore, in the line A B, 
and the shaft thus loaded will be in perfect balance. 
If the weights E and D be removed, however, the 
system though statically balanced will vibrate badly 
if set in motion, as although the opposing centrifugal 
forces due to the two remaining weights C and D are 
equal, they do not act in the same straight line, and 
there is thus a centrifugal moment which may give 
rise to very serious vibrations. In short, the system, 
though statically balanced, is still seriously out of 
balarfce dynamically, since dynamic balance can only 
be secured when both the resultant centrifugal forces 
and the centrifugal moments are zero. us when a 
system is balanced dynamically it must also be 
balanced statically, and this isthe principle on which 
the Akimoff machine is designed. Its construction is 
shown in Fig. 1, where it will be seen that the 
ends of the rotor under test are carried on rollers, which 
for their own part run on ball bearings so as to reduce 
friction to a minimum. The casting on which these 
rollers are mounted is supported at its centre on a strip 








of thin steel plate which serves as a substitute for a 
knife edge, and by its flexibility allows the casting 
freedom to move horizontally to and fro in a direction 
at right angles to the axis of the rotor under test. 
The weight of the latter is, however, for the most part 
carried on two helical springs clearly visible in the 
photograph, and there are in addition two screw jacks, 
which can at will be made rigid. Arms bolted to 
the casting carry sliding weights which can be clamped 
where desired, and serve to vary the natural periodicit 
of the whole system of support. On theend of the shaft 
of the rotor under test is fixed a clamp provided with 
screwed arms, on which travel the balance adjusting 
weights. These arms are, moreover, hollow and can 
if necessary have additional weights placed inside 
them, when the lack of balance is too large to be 
corrected by the external weights supplied. 

In making a test, the periodicity of the balance 
tester is adjusted so that it will synchronise with a 
speed of rotation somewhat below the maximum at 
which it is intended to run the rotor during the test. 
The rotor is belted to a counter shaft driven by a 
7 h.p. variable-speed motor, and, in commencing 
operations, is run gradually up to speed. e screw 
jacks belonging to the Akimoff. bearing nearest to the 
driven end of the rotor and tightened up rendering 
this bearing rigid whilst observations are made at the 
free Akimoff bearing. If, as is usual with an untested 
rotor, the out of balance is considerable, the vibrations 
of the support are damped by screwing down a damp- 
ing plate, which can be seen in Fig. 1, at the centre of 
the apparatus. The amplitude of the oscillations is 
observed by means of a Starrett indicator, which is to 
be seen at the near end of the machine in Fig. 1. 

Having by the damper reduced the oscillations 
to a figure that can easily be read the correcting 
weights on the clamp are adjusted to a true position 
and the result recorded. The clamp is then shifted 
through 90 deg., and the observations repeated. 


Similar observations are made with the clamp at 
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180 deg. and 270 deg. with its initial position. A 
comparison of the amplitude of oscillation observed 
with these four different settings indicates approxi- 
mately the angle at which the clamp must be fixed 
for the oscillation to be a minimum, and the actual 
angle is then readily found and the clamp set in this 
position. The damper is then released and a new set 
of observations made, and the weights adjusted until 
the oscillation becomes insignificant in these four dif- 
ferent conditions gives the co-ordinates and amount 
of weight required to secure an approximate balance. 

The precision attained in this adjustment is always 
greater than can be achieved in the usual method 
of attaining static balance, viz., by rolling the 
rotor along “‘ knife” edges and weighting it until it 
appears to be in indifferent equilibrium in all 
positions. The greater delicacy of the Akimoff 
method is mainly due to the fact that by adjusting 
the speed of rotation so as to synchronise with the 
natural periodicity of the tester a very small un- 
balanced force will give rise to large oscillations. 

Similar observations are made at each vibratin 
bearing in turn, and the data so obtained supply 
the information necessary to caloulate the static and 
dynamic errors. As finally adjusted the amplitude of 
the oscillations of the needle of the Starrett indicator 
even at the speed of synchronism does not exceed plus 
or minus 5 mils. In general the total time taken to 
secure practically perfect balance of a heavy rotor 
does not exceed six hours as a maximum, and at a recent 
demonstration of the apparatus at the works of Messrs. 
Beardmore with a.14 ton Brown Curtis rotor, the test 
was completed in 2$ hours. 
to prevent axial motion of a rotor under test a ball- 
thrust bearing is clamped to one end of it, and in making 
a test the drive is always transmitted to the end of 
the rotor opposite to that supported by the balancer. 

A small machine constructed on same principle 
as that we have illustrated, but differing considerably 
in detail, and suitable for testing the balance of motor- 
car crankshafts, can be seen at the offices of Captain 
J. E. Mortimer, 34, Victoria-street, Westminster. 











INSTITUTION OF MECHANICAL ENGINEERS: Errata.— 
We regret that two errors crept into our report on the 
recent discussion at the Institution of Mechanical Engi- 
neers on Captain Arthur’s ron the ‘Sterilisation of 
Water by Chlorine Gas.” . W. Paterson, in speaking 
of Major Nesfield’s early work stated that the latter 
had used sodium sulphite for dechlorination ; our report 
mentioned sodium phosphate by mistake. In con- 
nection with the apparatus exhibited and described by 
Mr. Paterson the isolation of the mechanism from the 
water is effected by a column of water disinfected (not 
‘+ infected’) by the chlorine gas. 





Association OF GeRMAN [Ron Masters.—When the 
Verein deutscher Eisenhiittenleute held its annual 
meeting at Diisseldorf last month, it was announced 
that the number of members had decreased from 6,443 
in May, 1919, to 6,220 last May. Among the many 
well-known deceased members were Fritz W. Liirmann, 
H. Maceo, W. Ugé and E. Leber, the last-mentioned 
having been on the staff of the journal of the Verein, Stahl 
ind Hisen. A new publication of the Verein, ‘‘ Industrie 
tind Technik,’’ is now published in English under the 
title ‘‘ Engineering Progress,” and in Spanish as “ El 
Progresso della Ingeneria.”” Dr. A. Guttmann’s book 
(now out of print), “ Application of Blast-Furnace Slag 
in Building Construction,” was also published by the 
Verein, which is preparing a new edition. The various 
technical research committees on Blast-Furnace Slag 
Utilisation, Rolling Mills, Materials ‘Testing, Ores, 
Coking, Foundries, had also issued Mitteilungen. The 
branches in Upper Silesia and in the Saar district, which 
had had to aieadion their meetings, were hoping to 
resume their regular activity. 


Macnetic Skarcn vor Iron Ore.—Though the 
connection between the irregularity of the values of 
terrestrial magnetism and the occurrence of magnetic 
ores in the ground have been investigated for more than 
half a century, any noteworthy utilisation of these de- 
terminations in the search for iron ores was not made 
till comparatively recently. In northern Sweden, in par- 
ticular, Carlheim-Gyllenskiéld greatly assisted the mining 
operations for magnetite by his magnetic measure- 
ments, Eotvés then found in Hungary that even 
feebly magnetic ores could be traced with highly-sensitive 
instruments. In the course of hig magnetic survey of 
this country Professor Ernest W'lson (see ENGINEERING 
March 19, 1920, page 316), devised instruments which 
greatly facilitated the tests of very faintly magnetic 
minerals, The research now carried on in Bavaria 
by A, Gallus, J. Kénigsberger aud R. Griesser is con- 
ducted with the aid of simple instruments, measuring 
the horizontal intensity within + 1¢ y and the declina- 
tion with + 2 minutes of are. With such instruments 
they found iron near Amberg and near Ké6nigstein, 
this ore being brown ironstone. In the Hartz district 
they discovered iron clay at depths of 50 m.; in the 
Sieger district (near the Rhine) spathic iron ore was 
detected at similar depths, but y failed to trace 
iron ores embedded at depths of 100 m. in non-magnetic 
minerals and quartz. Dotails of the search, which 
requires the co-operation of geologists and physicists, 
are to be published in the Zeitschrift fiir Geologie. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—Statements of declining activity in 
the heavy engineering trades find small expression in 
actual unempleyment. ‘The total on the books of the 
Sheffield Labour Exchange does not exceed 5,000. 
This is little more than half the normal average of 
unemployed. The explanation appears to be that 
employers are spreading arrears of orders over as large 
an area of production as possible. Thus the worst 
co uences of trade depression are held off. But the 
expedient, though effective, is only temporary, and 
en order books are quickly replenished it is feared 
in responsible quarters t the large firms will shortly 
be compelled to release whole departments of workers, 
and set down plant for an indefinite period. Cancella- 
tions of contracts continue in the heavy sections. As 
a result, rolling mills are affording only our days’ work 
a week, but not delay production on unfinished 
orders for fear bu may suddenly decide that the 
cost of the work is prohibitive. i ing masters 
are having small success in the competition for new 
business. Owing largely to the high cost of fuel and 
heavy wages bills, the lowest quotations that-can possibly 
be given are declared by buyers, both home and foreign, 
to be excessive. There is little improvement in crucible 
or electric steels. Several furnaces are out of com- 
mission, and will not be restarted until after Christmas. 
Similarly, output of special steels is at a low level. 
Ferro-alloys are a drug on the market, Purchases are 
limited to i diate requirements. Most of the tool 
trades continue to enjoy a high level of ity. The 








— and 


It should be stated that | 


| sections, but the railway companies are 


heavy run on garden tools, agricultural implement parts, 
iers, and joiners’ tools, has not yet ex- 
usted itself. Developments are looked for as reg 
semi-finished materials. Local producers of basic steel 
are being badly undersold by foreign makers. There 
is little demand for Sheffield basic when Belgian and 
American basic can be brought for upwards of 15l. 
per ton. Sheffield has contributed substantially in the 
way of materials, machinery and fittings to the con- 


struction of the newly-launched steamship ‘‘ Samaria,” 
built by Messrs. Cammell Laird and Co., Limited, 
for the Cunard Company. 


South Yorkshire Coal Trade.—Conditions throughout 
are nearer the normal than for a considerable time it. 
A sustained improvement is reported in output mee 
collieries in this area. Supplies are ample for most 
requirements. The contraction in rt buying of 
smalls has released a tonnage for home consump- 
tion. Gas fuels are distinctly easier now that the — 
strike demand for the replenishment of stocks has 
met, Industrial consumption is on a lower level, due 
primarily to the easing off in the heavy engineering 

on a big 
to , and stocks at collieries are not 3 he fact 
that several blast furnaces are still out of commission 
accounts for the lighter demand for coke. Orders for 
house coal are not numerous considering the season, 


but merchants have sufficient arrears to keep them full 
occupied, Quotations: Best branch handigiele 





37s. Ba. to 38s, 2d.; Barnsley best Silkstone, 37s. 2d. 
| to 378. 8d. ; Derbyshire best brights, 35s. 2d. to 36s. 2d. ; 
| Derbyshire house coal, 328. 8d. to 33s. 2d.; Derbyshire 
best large nuts, 32s. 8d. to 33s. 8d.; Derbyshire small 
nuts, 3ls. 8d. to 32s. 8d.; Yorkshire hards, 32s. 8d 
to 33s. 8d.; Derbyshire hards, 32s. 8d. to 33s. 8d. ; 
rough slacks, 28s. 2d. to 29s. 2d.; nutty, 27s. 2d. to 
28s. 2d.; smalls, 238. 2d. to 248. 2d. 





Srnicon Iron ror WatTEeR-VaPpouR EXPERIMENTS AT 
1,100 Dea. C.—In the Zeitschrift fiir Elektrochemie of 
October 1, Paul Askenasy mentions that he found 
silicon iron a very useful metal for experimenting with 
water vapour at temperatures up to 1,100 deg. C. for 
lo ——. The iron tubes which he first tried were 
rapidly oxidised. Silicon iron, such as used by electrical 
engineers on account of its high resistance and low coer- 
cive force, is brittle. He had his tubes made as follows : 
The material was rolled hot down to 2 mm. thickness, 
and cut up hot; an experienced boiler-plater bent 
the strips red hot over mandrels, and welded the seam 
with plate scrap. The tubes were afterwards wound 
with resistance coils or directly heated as resistance, 
and they proved much less sensitive than iron to attack 
by high-temperature steam and oxygen. The tubes 
were utilised, in among other things, the manufacture of 
magnetite electrodes from pure iron; contact hetween 
the silicon iron and the iron to be oxidised was prevented 
by the interposition of pure clay or graphite. 





TrRapE anp InpusTRy rn AvusTRatia.—An address 
by Mr. 8. W. B. McGregor to the British Empire Pro- 
ducers’ Organisation was given on October 28, dealing 
with British trade and industry in Australia. The 
meeting was presided over by Mr. Ben H. Morgan, the 
chairman of the organisation. Mr. McGregor referred to 
the great industrial development of the Commonwealth 
in the last few rs. main channels were 
wool manufacturing, the steel industry and the boot and 
leather trades, for all of which Australia has raw materials 
in plenty. In regard to the steel industry, people in 
this country, he said, had no idea of the great beginnings 
of a large industry which had already been made. Last 
year the principal steel works turned out 162,000 tons 
of pig-iron and 185,000 tons of steel ingots; 4,835 men 
are employed, and a capital of over 4,500,000/. is involved. 
In the matter of the Australian law which prevents an 
industrialist from contracting on this side with workmen 
to go to Australia, Mr. McGregor said that though he 
could make no pronouncement, he un that this 
Act was not enforced to operate against the introduction 








of skilled labour into the country for Australia’s new 
industries, 





NOTES FROM CLEVELAND AND THE 

NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—There is little new to 
report concerning Cleveland pig-iron. Foundry qualities 
are as scarce as ever, and indeed are almost unobtainable 
for early delivery ; and the lower qualities are plentiful 
but very slow of sale. Foreign demand for all descrip- 
tions of Cleveland pig-iron appears to have ceased. 
Sellers of foundry kind are keen to make forward con-. 
tracts at current rates, but they find buyers backward 
and markedly disinclined to commit themselves ahead 
to any extent. For home consumption, No. | is 
237s. 6d., and No. 3, as well as the inferior grades of 
Cleveland, remains at 225s. 


Hematite.—East Coast hematite is not easily purchased 
for early delivery, but there are plenty of sellers on 
forward account. In this branch also inquiry from 
abroad is very small, France and Belgium have become 
self-supporting, and adverse rate of exchange prohibits 
trade with Italy. To home customers No. | is 262s. 6d., 
and mixed Nos. are 260s. . 


Foreign Ore.—Indication of early renewal of activity 
in foreign ore is not wanting, but at present business is 
on a very limited scale, being, in fact, confined to sales 
of t cargoes. Consumers are carrying considerable 
pote and are consequently not in the market to buy 
for early needs, but some of them are by no means 
disinclined to negotiate for supplies over next year. ‘The 
c.i.f. Tees value of best rubio is in the neighbourhood 
of 5le. 


Coke.—Heavy local demand for coke is adequately 
dealt with, and consumers are now laying in stocks. 
Average blast-furnace kind is 62s. 9d., and low phos- 
phorus quality is 65s. 3d. 

Manufactured Iron and Steel.—In finished iron and 
steel, business is difficult to arrange. Foreign competition 
is in ingly keen and successful, some articles from 
abroad being offered at pounds below quotations for home 
products. ufacturers adhere to prices, which 
customers will not pay. Common iron bars are 30/. ; 
marked bars, 32/.; iron angles, 30/. 15s.; steel bars, 
241. ; steel ship, bridge and tank plates, 24/. 10s. ; steel 
angles, 24/.; steel boiler plates, 31/.; steel joists, 24/. ; 
steel strip, 30/.; channels and flats, 24/. 5s.; rounds 
and squares, 26/. 10s. ; soft billets, 22/.; medium billets, 
231.; hard billets, 24/.; heavy steel rails, 25/.; fish- 
plates, 30/.; black sheets, 30/.; and corrugated 
galvanised sheets, 341. 


Shi, of Iron and Steel.—Shipments of iron and 
steel from the port of Middlesbrough during November 
totalled 30,189 tons, of which 12,643 tons were pig-iron, 
1,506 tons manufactured iron, and 16,040 tons steel. 
The clearances coastwise were 3,031 tons of pig-iron, 
150 tons of manufactured iron, and 1,260 tons of steel. 
For the previous month the shipments reached 55,244 
tons, 26,235 tons being pig-iron. 1,909 tons manufactured 
iron, and 27,100 tons steel. 








Tae Execrro-Cuemicat Inpustry or SwEDEN.— 
From a statistical review of the chemical industry and 
trade of Sweden, published in the Journal of Industrial 
and Engineering Chemistry of November, by O. P. 
Hopkins, of Washington, we see that the hydro-electric 
power development of Sweden, though not on so grand 
a scale as in Norway, is an important factor in the 
prosperity of the country, and that plants have, as 
elsewhere, been increased during the war. The electro- 
chemical works rely on hydro-electric power. The 
following horse-powers are utilised in these industries : 
pig iron, 90,000 ; ferro alloys, 60,000 ; calcium carbide, 
40,000 ; atmospheric nitrogen, 16,000; steel, 10,000 ; 
caustic soda and bleaching powder, 3,000; potassium 
salts, 2,700; graphite, 2,000; phosphorus, 1,800. 
‘he figures refer to the year 1918. The production 
of safety matches rose from 73,000,000 Ib. in 1915 to 
114,000,000 Ib. in 1917 ; matches are an electro-chemical 
product, in so far as the phosphorus and the potassium 
chlorate are made with the aid of electric currents. 





ExPLosion oF a ‘‘ Harmuiess Borver.’’—Once again 
has a boiler, used on a farm" for the purely agricultural 
purpose of threshing, proved that it is not exempt 
from the physical laws that govern other steam-con- 
taining, or pressure-containing vessels, though it is free 
from legislation, says Canadian Machinery, Toronto. 
It proved this elemental fact by the very impressive 
means of blowing up, fortunately without hurting 
anybody. ‘he men in the immediate vicinity had a 
very lucky escape, and those who were further away 
were also fortunate, as some pieces weighing several 
hundred pounds were reported to have landed several 
fields away. It shows surely a lack of consideration, 
or a sense of fitness of things, on the part of these boilers 
to blow up when several successive Governments have 
decided, in their wisdom, that these boilers cannot blow 
up, and are perfectly harmless domestic pets: The 

rocess of reasoning which decided that because a boiler 
is on a farm it is going to act differently under given 
circumstances than a boiler in an industrial establish- 
ment, is not very clear to the ordinary mortal. Further- 
more, the boiler on the farm is supposed to be possessed 
of sufficient intelligence to enable it to — its 
functions without the aid of any skilled help. It is 
very likely that the real reason of the exemption oi 
hoteas on the farm from the Steam Boiler Act was on 
account of the farmers all possessing votes, and the 
fact that a farmer suddenly called upon to pay inspection 
fees, and probably higher wages to skilled help, would 
have emitted a howl that would have been heard un 





comfortably in Government quarters. 
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NOTES FROM THE NORTH. 
Griascow, Wednesday. 

Scotch Steel Trade.—The prevailing trade conditions 
have militated against any expansion in the Scotch steel 
trade during the past week and little change has taken 
place. "The works are all very wel! employed, and quite 
a lot of stuff of one kind and another is being turned 
out, but most of it is against contracts fixed up some 
time ago, and the future is what gives concern to the 
producers, At one time the bookings amounted to 
a ver tonnage and covered a considerable period 
ahead, but the cancellation of so many contracts for 
new tonnage caused a considerable falling-off in the 
forward demand for steel material. The arrivals of 
consignments of the foreign product at lower prices than 
those named by home makers have also accounted for 
a part of the decline locally, and the recent reduction in 
prices was expected to steady things a bit, but that 
has not brought out much fresh business so far. Buyers 
are undoubtedly holding back in the hope of a further 
decline in quotations, and in that case bookings will 
remain on the small side, in the meantime, unless pro- 
ducers hold out further inducements for forward con- 
tracts. The demand for ship-plates has been quite good 
of late, but as the prospects in the shipbuilding industry 
are none too bright that source of outlet must be con- 
siderably discounted by producers. For boiler plates 
there is a fair outlet, but the demand for structural 
sections has reached a low ebb, and there is very little 
business passing. Makers of black sheets are very 
quickly overtaking contracts on hand, and no great 
amount of booking is reported, so that the outlook is 
not quite so bright as it might be. Galvanised sheets 
show no change and are very quiet. Export business on 
the whole is poor and shows little sign of picking up. 


Malleable Iron Trade.—A much easier tendency 
prevails in the West of Scotland malleable iron trade, 
and there is no pressure for deliveries. The outlook is 
not too encouraging because new business is not being 
booked anything like equal to to-day’s output, and 
unless there is some improvement difficult times are 
ahead. Prices are steady and unchanged. 


Scotch Pig-Iron Trade.—The position of Scotch 
pig-iron is undoubtedly still very strong owing to the 
scarcity of all the higher grades. The demand is strong, 
but the amount available is improving, and before long 
it is ho to be able to meet all requests. There is 
little doing in export, as so much is required at home, 
but foreign buyers are anticipating a decline in prices 
and are meantime holding bade. ‘ 

Scotch Shipbuilding.—The shipbuilding returns of the 
different districts in Scotland for the past month are 
very satisfactory, when the conditions which prevailed 
in the labour market are remembered. The total output 
was 33 vessels of 73,582 tons, making 285 vessels with 
a total of 658,728 tons for the year to date, which com- 
pares very favourably with the output of 582,501 tons 
for the same period of last year, and 671,230 tons for 
the record year of 1913. ‘The figures for last month, 
with the total for the year to date, are as follows :— 











November, Eleven Months, 
1920. 1920. 

Vessels. Tons. V essels. Tons. 
’ The Clyde ... > 25 48,047 204 565,088 
Che Forth ... 4 13,010 32 57,568 
The Tay ... - 2 10,925 9 23,643 

The Dee and Moray 

Firth c% we 2 1,600 40 12,429 
33 73,582 285 658,728 


The Clyde figures for the past month are rather under 
the average monthly output for this year, but the total 
of 48,047 tons is very good indeed when everything is 
taken into consideration, and it brings the year’s output 
up to 566,088 tons. While that total is 42,675 tons 
ahead of the corresponding eleven months of last year, 
it is still 63,728 tons less than ‘or the year 1913, and is 
actually 191,888 tons behind the full output for the 
whole of the latter year. There is still a large amount 
of work on hand but fresh contracts seem almost to be 
a thing of the past, as few or none have been fixed up for 
some time back. With materials showing an easier 
tendency shipbuilders are now in a position to give 
slightly lower quotations, but it is doubtful if much 
new business will be placed yet awhile. Labour is still 
unsettled, and now the shipyard joiners have gone out 
on strike, which, if continued will cause dislocation in 
the industry, 





_“ Tank Srgeen,”—We read in The Iron Age, New 
York, that tank steel has been defined by a committee 
of the Association of American Steel Manufacturers “as 
a grade to be used for ordinary fabrications or for struc- 
tural p ses where no particular st are required 
It should be free from injurious surface defects.’’ The 
necessity for making a definition seems to have arisen 
through the fact that an increasing number of buyers 
were specifying tank steel and then adding requiremen: 
that would throw the material into a higher classification, 
without, of course, expecting to pay the extras i 
by such higher classification. Phe ruling of the com- 
mittee is further that if the buyers’ specifications stipu- 
late a tensile test from each plate as rolled, the material 
shall be classified as flange steel. Further, that if a 
flange steel purchase specifies a homogeneity test in 
addition to naming chemical and physical properties, 
the material becomes fire-box steel. Again, that if the 
steel eee order carries specifications with regard to 
phosphorus and sulphur limits equivalent to the fire- 
box grade, the steel shall be regarded as fire-box steel 
unless the chemical tests are modified. 
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NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 
The Coal Trade.—The outstanding feature of the 
export coal trade in the past week was the abrupt 
termination to the controversy in respect to French coal 


contract over 1921. ‘lhe arose over the 
issue by Bureau des Charbons, respon- 
sible for the import of coal into France for industrial 


of a scale of maximum f.o.b. prices, 

illi per ton below current market values, at which 
they were to consider contracts for 1921. As 
British exporters were virtually bound to supply 45 per 
cent. of the total exports to France, under an agreement 
reached between the British and French Coal Controllers 
some months ago, the decision of the Bureau was an 
important matter for colliery owners and exporters. It 
was agreed that while France had every right to take 
what measures were considered necessary to obtain 
cheaper coal, freedom should also be restored to Briti 
exporters in respect to the destination of exports. The 
French Coal Controller and the British Minister for 
Mines, at a meeting in London on Friday, considered 
the matter, and an agreement was reached under which 
it was agreeti “‘ that while on the one hand the French 
Government is at liberty to frame such internal regu- 
lations as it may deem proper in respeet of import prices, 
British coalowners and exporters must on their 
be free to accept or refuse the prices offered the 
French importers.” It was also agreed that the British 
Government is now under no obligation to reserve 
750,000 tons, or _ specific quantity, for shipment to 
France, but that the obligation to supply Italy with 
20 per cent. of exports, estimated at 350,000 tons per 
month remains. e effect of this agreement is that for 
the first time since the war coalowners and exporters are 
now free to dispose of the exportable surplus without 
reservation as to destination, with the exception of the 
monthly quantity allocated to Italy. What effect this 
important change will have on the market remains to be 
seen. The alteration has come at an inopportune 
moment, for most of the foreign countries are stated 
to be fairly comfortably placed in to coal supplies. 
though it is impossible for large stocks to have 
accumulated, and are refusing to place mew orders at 
current prices, while those not too well placed are waiting 
in the hope of seeing lower prices, ri are 
reported to be freel offered to Continental buyers at 
prices considerably below those demanded a couple of 
months ago. 

No slump has yet set in for the best quality coals, but 
inferior grades are obtainable for quick ing at about 
20s. per ton less than was the case a weeks ago 
and, even at these lower prices, sellers find it difficult to 
obtain fresh orders. On paper most collieries are fully 
stemmed, but owing to increased otitputs and inadequate 
loading facilities at the docks sellers are in many cases 
compelled to cut prices to buyers able to take quick 
delivery in order to get wagons back to the collieries 
promptly. Foreign cargo exports in the past week, at 
368,965 tons, were the highest since February last, and 
it will not be surprising to find the current week’s ship- 
ments greater still, for the quantities itted for foreign 
shipment have been increased from B ei cent. to 7} per 
cent, Patent fuel makers in Britain, France and Belgium 
have decided to appoint a central buying agency for 
the purchase of pitch, used in the manufacture of fuel, 
because of the high price demanded for pitch. Before 
the war pitch was obtainable at about 30s. per ton, 
but has advanced to 260s.. which is considered an 
unreasonable figure. 








TuHEeory or THE Soup State oF AGGREGATION.— 
That solid bodies remain solid under ordinary con- 
ditions 1s commonly ascribed to the mutual attraction 
between the molecules. This attraction can be Over- 
come by heat and mechanical stress. In the hot bod 
the molecules rotate at faster rates about their equill. 
brium positions, and the atoms acquire a higher energy 
of motion, until the body softens and melts; the heat 
energy reauired can be measured in calories. When 
a solid is broken by pull, shock, shear, &c., there is no 
uniform measure for the mechanical strength; the 
correlation of the strengths deduced from various testing 

thods is still ob . Yet it is felt that liquefaction 
and mechanical fracture are both separation 
which will ultimately have to overcome the same forces of 
attraction. In the Zeitschrift fiir Physikalische Chemie 
of July 31 last, A. van der Werth, Darmstadt, attempts 
to interconnect these two strengths, which may be 
briefly designated as thermal and mechanical. Arrang- 
i the metals as to decreasing specific heat he finds the 
pn © Ni, Co, Fe, and so on, nickel having the highest 
specific heat of all the metals. The modulus of elasticity 

ives @ similar sequence beginning with Ni, Co, Fe ; 
ut Pt follows next with a high modulus, yet with low 
specific heat, whilst aluminium has a high specific heat 
andalow modulus. When the work done during expan- 
sion is calculated from thermal data, the order is found 
to be Pt, Fe, Ni, Pd, whilst from the modulus the order 





ts | is Ni, Fe, Pt, Cu, &c. That the modulus values for this 


work are all smaller than those deduced from the specific 
heat might be concluded from the fact that mechanical 
stress mostly acts only on a small portion of a body 
whilst the Dcoting affects the whole; but the two 
sequencesare not the same. As regards the conductivity 
of a metal for heat and electricity and its mechanical 
yaaa comparative calculations can hardly be made. 
Van Wi ints out, however, that the best con- 
ductors (Au, , Ag) are of medium fusibility and 
mechanical ngth ; low melting-point and low strength 
(Zn, Sn, Cd, Mg, Na) go together with fair conduc. 
tivity, and high melting-point and high strength with 
rather poor conductivity (ferrous metals). 
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NOTICES OF MEETINGS. 





Instrrotion or MecHantcan Enotnerers.—Friday, 
December 3, at 6 p.m., at Storey’s Gate, St. James’ 
Park, S.W. 1, further discussion on Mr. A. Ramsay's 
paper read at the Lincoln Summer Meeting on ‘“ The 
Human Factor in Industry.” 


Tue Instirvution or British FounpRYMEN.—LANCA- 
sHrrE Brancu.—Saturday, December 4, at 4 p.m., in 
the College of Technology, Manchester, when Dr. F. J. 
Brislee, of Roby, Lancashire, will give a paper ‘on 
** Modern Metallurgical Investigation.”’ 


THe Mintnc Institute or Scortanp.—Saturday, 
December 4, at 3 p.m., in the Royal Techincal College, 
George-street, Glasgow. Mr. R. H. J. Conacher’s paper 
on “A ine Limestone occurring within the Hurlet 
Coal Seam ” will be discussed ; Mr, William Campbeltl’s 

r on “*Coal Veins in Peru” will be discussed ; 

. H. M: Cadell, B.Sc., F.R.S.E., will read a paper, 
illustrated by lantern slides, on ‘‘ Coal Mining in Spitz- 
bergen” ; a demonstration will be given of «‘'he Hulley 
Patent Mine-Dusting Machine.” 


Tae Iystirvtion or Crvit ENGIneers.— YORKSHIRE 
AssocraTion or Srupents.—-Monday, December 6, in 
the Lecture Theatre of the Brown-Firth Research 
Laboratory, Sheffield, when Mr. Terrey, M.Inst.C.B., 
_— manager of the Sheffield Corporation Water 
upply, will read a paper entitled, “ History and Des- 
cription of the Sheffield Waterworks,” 


Tae Royat Socrery or Arts.—Monday, 
.m,.. Cantor Lecture, *‘ Micro-Organisms 
and Some of their Industrial Uses,” by Mr. A. Chaston 
Chapman, F.R.8., F.1.C. (Lecture T1) ; postponed till 
December 13. Tuesday, December 7, at 4.30 p.tm. 
Colonial Section, ‘‘ The Trade of Australia during and 
after the War,’’ by Mr. A. H. Ashbolt, Agent-General 
for Tasmania; the Right Hon, Sir William Ellison- 
Macartney, K.C.M.G., Governor of Tasmania, 1913-17, 
Governor of Western Australia, 1917-20, will preside, 
Wednesday, December 8, at 4.30 p.m. Ordinary 
i “A Ret t of the Personal Influence of 
Britons in Russia,’ by Mr. E. A, Brayley Hodgetts, 
chairman, Russian Section, Loridon Chamber of Com- 
merce ; the Right Hon. Lord Carnock, G.C.B., G.C.M.G., 
G.C.V.0O., K.C.L.E., Ambassador to Russia | %)6—10, will 
preside. 

Tae Seerrrecp.AssooiaTION OF METALLURGISTS AND 
Meratturcioar Curmists.—Tuesday, December 7, at 
the Leicester Room, Sheffield, a on ** Carbon atid 

m ce Steel,” by Mr. F.C. A. H. Lantsberry, 
M.Sc., F.1.C., will be read and di : 


THe AssocraTION oF ENGINEERS-IN-CHARGE.—-Wed- 
nesday, December 8, at 7.30 p.m., at St. Bride’s Institute, 
Bride-lane, Fleet-street, the president-elect, Mr. W. H. 
Patchell, M.Inst.C.E., M.I.Mech.E., M.LE.E., upon 
taking office, will address the members in an informa! 
talk, relating to his recent American tour, illustrated by 
lantern slides, 


Decem- 


Tae Iwstirurion or Execrrican EnNGrnerrs, 
Thursday, December 9, at 6 p.m., at the Institution of 
Civil ineers, Great George-street, Westminster, 
8.W. he Distribution of Electricity,” by Mr. W. B. 
Woodhouse, and “Some Economic Aspects of E.H.T. 
Distribution by Underground Cables,’’ by Mr. R. 0. 
Kapp. _ Adjourned discussion. 


Tue Trountcat Insrection AssocraTion.—Friday, 
December 10, at 7.30 p.m., at the Rooms of the Royal 
Society of Arts, John-street, Adelphi, a paper will bé 
read by Dr. H. G. Gulliver, B.Sc.London, D.Se,Edin., 
on “Some Features of ‘Tensile Fractures.”’ 


Jure Mawnuractvre 1x Sours Arrica.—lIt is not 

merally known that the wild jute of South Africa, 
hibiscus cannibinus, grows as a weed in many parts 
of the Union, and that a small company has been floated 
to test and develop the industry. This is being done 
near Hector Spruit, says The South African Mining and 
Engineering Journal, and reports of the crop are very 
encouraging. Should this industry develop it opens 
out large possibilities, and ultimately may be in a position 
to ly all the jute goods required by the Union, in 
addition to providing employment for a large white and 
black population. 1t is also interesting to note that this 
weed was introduced from South Africa to India, and to- 
day forms a considerable proportion of the jute goods 
produced 


per was read before the Man- 
ineers, on ‘‘ Modern Develop- 
ments in the Manufacture and Utilisation of Coal Gas,”’ 
by Messrs. F. J. West, C.B.E., and T. A. Tomlinson, 
MB E. This paper was illustrated by lantern slides 
and by the cinmematograph. It was divided into three 
the first of which dealt with the principles and 
products of carbonisation. The second section described 
the modern apparatus in use, and the third dealt with 


the applications of gas to domestic and industrial 
purposes. The first section gave analyses of coals 


and the products of carbonisation. The apparatus 
described included the horizontal retort, the incline 


retort and the vertical and continuous vertical retort 
systems, a full description of the Glover-West system 
being given, and illustrated liberally by means of lantern 
slides. For an industrial centre such as Manchester the 
part of the paper dealing with industrial applications 
appeared to dismiss this part of the subject in a somewhat 
summary fashion. 
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A GOVERNMENT POWER SCHEME. 


STRANGE as many Official actions are now-a-days, 
few have struck us as so singularly out of place 
as the manner in which the country was informed 
last week of the proposal to embark upon a large 
tidal power scheme on the Severn. We are not so 


teed. | much concerned for the moment with the scheme 


itself, whatever merits it may ultimately prove 
to possess, as with the method which the Ministry 
of Transport has seen fit to adopt in connection 
with a matter of great weight and high technicality. 
The tone of the curious document which issued from 
this Ministry, dilating on this scheme, made us turn 
over its pages mechanically, as one would with a 
company promoter’s prospectus, to find out how 
much capital it was intended the project should 
swallow up. Our search was not attended by 
success. Neither could we discover therein a 
particle of technical data, nor yet the name of any 
responsible person attached to it. In fact, appar- 
ently beneath the notice of His Majesty’s Printers, 
the notes distributed seem to have been considered 
by the Ministry itself, only fit for some office dupli- 
cator in Whitehall Gardens. 

In highly speculative circles, the subtle creation, 
in advance, of a favourable impression is not in- 
frequently indulged in, but the custom has been so 
often associated with the less reputable side of 
finance that it is seldom countenanced by self- 
respecting concerns, and its use is therefore almost 
sure to arouse suspicion. That the official language 
adopted in this extraordinary case is also likely to 
discredit the department concerned may be gathered 
from a few quotations, for it suggests that someone 
has settled in Whitehall whose office should properly 
be in the purlieus of the city. We find, for instance, 
this composition headed ‘‘The World’s Greatest 
Water Power Scheme,” ‘“‘ The Gate of the West,”’ 
‘“‘ A Paying Proposition,” while, on dipping further 
into it we are told that this is “the first scheme 

. to utilise the rotating forces of the earth,” 
and “to snatch part of the movement of the earth 
and put it into gearing to turn machinery.” It is 
said to be planned on a “sound economic basis ”’ 
and to offer “limitless vistas,’ “bringing the 
blessings of Light, Purity and Power within the reach 
of all classes of the community.’ Such extravagance 
of language is altogether at variance with what one 
would expect from the dignified and careful delibera- 
tions of a responsible Government Department. 
One can only conclude that this clap-trap is 


7| designedly intended to convey to the public the 


idea that the Ministry is vastly alive, and immensely 
busy with wonderful and original reforms. 

The careful avoidance of all technical data in this 
document, while at the same time specious reference 
is made to engineering points in a manner clearly 
intended to clothe the whole with an air of verisi- 
militude well calculated to impress a credulous 
public, indicates the standard of intellect to which 
this Ministry thinks it best to make ites first appeal. 





It cannot, however, be congratulated on having, in 
any sense, added lustre to its office. by this 
performance. 

It will be time enough to consider the scheme 
itself when the promoters see fit to back it with 
estimates of cost. Several days have now passed, 
but no endeavour has been made to supply 
even a rough estimate of this. At present it is 
only possible to surmise that the project requires 
plant of a capacity of about four times the normal 
load of 500,000 h.p. Everything connected with 
it is. described as either “‘immense,” “ gigantic,’’ 
or “enormous,” including the dams, pumps, &c., 
to say nothing of the 40-ft. tunnel for the water for 
the “great inland lake.” An “Army” of men 
running into thousands of all grades, for many years 
would be employed, and so, whatever happens, 
we may be fairly sure that the cost, too, would be 
colossal. We can hardly get away from that fact, 
and it is very doubtful if the present is at all a 
suitable time for further national expenditure. It 
looks very much as if the whole thing were intended 
to be something in the way of a political reply to the 
oft-repeated charge made against the Government, 
of extravagance and waste. With the country 
becoming weary of heavy national expenditure, 
the Ministry would, we believe, be well advised in 
placing their facts, whatever they may be, before 
the country, when we are inclined to think that 
if the scheme should prove attractive after careful 
scrutiny, it might be left to private enterprise. 
We believe it to be the unfortunate fact that such 
projects do actually come within the all-embracing 
Ministry of Transport Act. The whole affair has 
a very ominous ring about it, suggesting that 
decisions have already been arrived at. The 
reiterated use of the definite words “is” and 
“will be,” in the description of the plans, in place 
of the more problematic “would” or “ could,” 
would almost indicate that the work is even now 
in hand. We trust that the Ministry has not 
abused its trust so far as that, but after this exhi- 
bition of the treatment it thinks suited to national 
questions and responsibilities we are almost inclined 
to despair of it altogether. 

Since the issue of the unfortunate document which 
we have felt it our duty to criticise above, the 
Ministry has disclosed something more of its plans. 
In the House of Commons, Sir Eric Geddes has 
stated that the scheme would find employment 
for 10,000 men for seven years. We leave it to 
our readers to make the simple calculation what 
the éost of labour alone would therefore be at 
present rates of wages. Further, yesterday we 
received from the Ministry a document, for some 
reason marked “ Unofficial,” giving a few details 
of the idea in a considerably modified tone, but 
still lacking many of the main technical essentials, 
and especially the all-important particulars of cost. 

From this document we learn that it is expected 
to utilise the barrage turbines for 7 hours with 
heads varying from 5 ft. to 30 ft., the latter 
occurring only, of course, at spring tides. The 
machines would generate 1,300 kw. each, which, 
for the normal load, and without the a. om 
plant to meet the demand for pumpi 
that there will be quite a number of tise ual its 
in the barrage installation. We note also that the 
suggestion is made that 500,000 kw. can be trans- 
mitted to London; at the same time it can all be 
consumed in South Wales, or in the Birmingham 
District, a point on which clearly some decision 
must be arrived at or the cost of the longer trans- 
missions will off-set any object in supplying distant 
markets. The dynamos at the dam will be variable- 
speed generators, producing direct current at a 
constant voltage of 525 volts. The turbine speeds 
of approximately 40 r.p.m. to 80 r.p.m. will be 
geared up to give 300 r.p.m. to 500 r.p.m. for the 
generators. The direct current will be converted 
to alternating at 330 volts by rotary converters. 
Static transformers would step this up to 60,000 
volts for transmission to the industrial centres, &c., 
which it is proposed to supply. When excess power 
is produced at the dam it will be transmitted to the 
pumping station 10 miles distant, where it will be 
consumed in.pumping water up to the inland lake. 
At this pumping station the plant proposed consists 
of pumps, turbines and motors arranged for use 
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also as generators, in order to reduce the installation 
as\far as may be, the plant being capable of a peak 
output of 1,000,000 h.p. It will therefore be seen 
that the amount of machinery will be very con- 
siderable indeed. 

it is claimed that in the scheme the only machines 
not ranning always at full load will be the dynamos 
at the barrage, but as these will run into several 
hundreds, the conditions under which they work 
will constitute an important factor. The units 
at the pumping plant are planned as 13,000-kw. 
machines working at 2,200 volts and 375 r.p.m. 
The head under which the turbines here would 
work, and against which the pumps would have 
to operate is not given, but the tunnel, 40 ft. in 
diameter, is said to be about a mile in length 
through rock. 

It will be clear from the labour cost, the multi- 
plicity of units at the dam and duplication of the 
plant at the pumping station, the cost of tunnelling, 
&c., to say nothing of the dam itself, and the 
separate railway and road viaduct, with the locks 
and lock machinery, that the scheme would run the 
nation into vast expenditure to attain results 
which are by no means certain to secure a profit- 
able selling price for the current generated. 





THE PERFORMANCE OF ELECTRIC 
FURNACES. 

Tue steady growth in the number of electric 
furnaces in use and the very rapid increase in yearly 
output of electric steel which has been taking place 
in Europe and America show that electrically- 
melted steel has a definite place in the steel industry, 
where it can compete with pre-existing processes 
and even successfully displace them. The electric 
furnace has forced its way into the circle of the 
economically sound systems, notwithstanding the 
adverse criticism and destructive prejudice of its 
detractors, and almost in spite of the lavish praises 
of the selling agencies, because advantages have been 
claimed for it which it never possessed, and its 
real advantages are only now coming to the front. 

During the war an abnormal development took 
place owing to its suitability for using up the enor- 
mous quantities of turnings from shell manufacture 
which drugged the market, and as is usual with 
quick growths weaknesses soon became apparent. 
For these weaknesses in its development the whole 
blame was put on the electric furnace, when it 
often lay elsewhere, the furnace makers them- 
selves being partly responsible through their @ver- 
confident assertions and ignorant claims. One very 
serious error was the inference, sedulously spread 
at one time, that the steel made in an electric 
furnace was always of the very best quality— 
turnings or any old kind of scrap submitted to the 
magical influence of the electric arc became at once 
the steel par excellence for any and every purpose, 
and those who had been led to believe this and found 
to their cost that the statement was based more 
on optimism than truth, turned round and heaped 
their curses on the offending process, at the same 
time in many cases going back to the older processes 
of steel-making, which they understood through 
long familiarity. And those who thus acted 
cannot well be blamed for their attitude, for it is 
now generally appreciated that it is just as easy to 
make bad steel in an electric furnace as in a 
furnace of any other type, and that to make good 
steel requires training and a knowledge of the pro- 
perties of liquid steel, as well as a knowledge of the 
type of furnace in use. What must be regretted is 
that it will take a long time to bring confidence 
back to these twice-shy people who have been once 
bitten. Such confidence «an only be restored by the 
publication of the actual results obtained by users 
who have had more skill or perhaps a little more 
perseverance. There have been very few unbiassed 
reports on this subject. One of the best is that of 
Mercer* on the output statistics of most of the 
furnaces in use in this country during the war, 
while another most informative report has recently 
been published by Commander Cleary, in the 
Journal of the American Society of Naval Engineers 
for May last. 

In 1918 the American Navy Yard at Mare Island 








* See ENGINEERING, May 15, 1919, page 629. 


bought a 6-ton Greaves-Etchells furnace at a cost 
of 47,500 dols. plus an allowance to the contractors 
of 5,960 dols. for erecting, and in the report just 
mentioned the full details of output and costs of 
working of this furnace are given for the first 50 
heats. Only one heat per day was made during 
this period so that the figures represent what took 
place during very unfavourable conditions, because 
they were the development conditions when the 
plant was new and the men were not accustomed 
to their duties, and it is not the normal condition 
to run only one heat per day in a furnace. The 
steel was used for ingots and castings, and the 
average time for a heat seems to have been about 
5 hours, the furnace being charged immediately 
after the previous day’s heat. Of 100 per cent. 
material charged into furnace there was obtained 
from the ladle 96-82 per cent., leaving a furnace 
and ladle loss of 3-18 per cent.; this indicates 
quite good working, and under more practical con- 
ditions would ,be considered satisfactory. The 
electrode consumption over the whole 50 heats is 
returned at 40-9 lb. per short ton, but this includes 
the initial period of starting. Omitting the first 
10 charges the consumption is reduced to approxi- 
mately 19 lb. per short ton of material charged into 
furnace. Allowing for the furnace loss and the 
short ton this consumption would come out roughly 
at 22 lb. per British ton. 

ing to the current consumption, the average 
for 50 heats was 1,020 units for melting and refining 
62-2 units for preliminary heating and 8 units for 
auxiliaries, such as tilting motors and electrode 
motors, a grand total of 1,092. Under continuous 
working this would be reduced materially, but it 
would still leave the cost of current the principal 
item in the cost of production. 

Power station engineers when their attention is 
drawn to this fact are inclined to argue that there 
is room for greater economies in the general opera- 
tion of electric furnaces than could be obtained by 
a reduction in the cost of the current, and until 
these are effected they cannot be expected to reduce 
their charges for the electrical unit. Although this 
may be true, economies in current and current 
charges still remain the most important means of 
reducing the production costs of electric steel. 
In some concerns in America the price of power is 
based on the load factor, which is a reasonable basis 
from many points of view. The load factor for a 
single furnace is, however, only about 20 per cent. 
under the best conditions, but a group of furnaces 
materially increases this, and with six to eight 
furnaces on the same supply it should be possible 
to obtain an average load factor of over 80 per 
cent. over long periods. Electric steel production 
on a large scale, therefore, would tend to remove 
some of the most important hindrances to cheaper 
production. 

A very valuable feature of the report with which 
we have been dealing is the extensive information 
given regarding the details of the costs of produc- 
tion in this furnace for the initial 50 heats. Based 
on accurate records, the averages were as follow :— 


Operation. Dollars. Percentage. 
Scrap aie oa 6-993 17-20 
Metallic additions ne 3-315 8-16 
Slag-forming additions ... 1-387 3-41 
Electrodes ae ve 3-578 8-82 
Power 13-627 33-56 
Labour 7-678 18-80 
Total 36-578 89-95 

Maintenance. 

Bottom refractories pes 0-484 1-19 
Roof {8 As i 0-680 1-67 
Walls ies ose dd 1-142 2-81 
Tools, oils, &c. ... “ee 0-200 0-49 
Labour... - ne 1-535 3-79 
Total maintenance ... 4-041 9-95 
Total cost 40-62 99 90 


In this table there are no charges for on-cost, super- 
vision or depreciation. Also it is assumed that the 
scrap returned from the foundry is returned to the 
furnace free cf cost; this is quite wrong. Allow- 
ing for this scrap at the same price as the other 
scrap used, it brings the total up to 43-237 dols. 
per ton, charged into furnace, or 44-666 dols. per 
ton of liquid steel delivered into the ladle. The 
conditions existing were, of course, not those under 





which a commercial plant would normally run, 





but they have the great merit of being authentic 
and the result of actual practice. 

It is difficult to estimate the actual production 
costs, as no details are given of overhead charges. 
The figure taken by Commander Cleary is 100 per 
cent. of the total detailed charges for material, 
labour, fuel and repairs, which works out at roughly 
42 dols. per short ton. For supervision, &c., a 
more usual charge would be 150 per cent. of labour 
charge, which would bring it to 13-8 dols. per ton, 
a very marked difference. Under the abnormal 
conditions of running this particular furnace, the 
cost may be as high as 86 dols. per short ton ; 
under continuous output conditions, it certainly 
would not be higher than 58 dols. per ton, and 
might be 5 dols. or 6 dols. less. For comparison 
purposes it may be stated that ingots of forging 
quality were selling at that time in Pittsburgh 
for 48-50 dols. per ton. 

The values are sufficiently close to show that 
electric steel for qualities a little better than ordinary 
commercial brands is likely to become of increasing 
importance in the world’s markets as the technique 
of its production is improved and economies are 
effected in minor details of the plant, but in any 
case it will always be of importance for manu- 
facturing certain types of steel which cannot be 
produced in the open-hearth furnace, and that 
it will eventually displace the crucible process 
almost completely seems to be fairly assured. 








ENGINEERING SCHEMES IN 
PARLIAMENT. 

THE programme of engineering works for which 
sanction is to be sought in the next session of Par- 
liament is in general of a very humdrum character, 
though much of the work will involve considerable 
expenditure. There is no doubt as matters stand, 
little inducement for men of “push and go” to 
prepare plans for increasing the national wealth by 
undertaking public works requiring parliamentary 
sanction, as the most promising schemes are likely 
to be rejected either because they may compete 
with undertakings controlled by unimaginative and 
unenterprising public bodies or because it is held 
that services of the kind contemplated should not be 
undertaken for private profit, the result being that 
as public bodies will not face the pioneering risks, 
nothing is done, and our whole industrial develop- 
ment is retarded. Of course the high rate of interest 
at present demanded constitutes another check to 
enterprise, as does also the high cost. of labour, 
since in this country we have not yet learnt, as the 
Americans have so frequently succeeded in doing, 
to combine low labour costs with high rates of pay. 
In illustration of this it may be noted that in spite 
of higher wages American prices for first-class road 
metal are but one-half those ruling in this country. 
In view of the very large amount of road and 
street work contemplated in the immediate future. 
this discrepancy is in urgent need of rectification. 

But few of our railways are promoting bills this 
session. The railway situation is unfavourable for 
development, both on account of the uncertainty 
of the future and the settlements of past claims 
against the Government. The London and North- 
Western Company have a bill amending their order 
of 1913 authorising the construction of the Wolver- 
hampton and Cannock Chase Light Railway. An 
extension of time for its construction is demanded 
and authorisation for certain deviations in Wolver- 
hampton and Wednesfield of the route originally 
proposed. The North-Eastern Company seek sanc- 
tion for a large amount of widening work. Thus 
their Newcastle and Berwick line is to be widened 
at Belford, Alnemouth and Wallsend, whilst at 
Gateshead new junctions are proposed between 
the company’s Dunstan branch and their Gateshead 
line and with their Redheugh deviation. The Seaton 
Snook branch is to be widened on both sides in the 
Hartlepool area ; and the Port Clarence branch, near 
Haverton Hill, whilst a loop to the Darlington and 
Saltburn Railway, is to be constructed at Lazenby. 
Widenings of the York and Newcastle line are pro- 
posed between Darlington and Croft and between 
Otterington and Northallerton. At the latter 
place the Leeds line is also to be widened. Other 
widenings of the York-Newcastle line are to be made 
between Sessay and Thirsk and between Pilmoor 
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and Sessay. At Northallerton a new junction| many decades in utilising the enormous energy now 


is totbe constructed between the Hawes. branch 
railway and the Leeds northern line. The bill also 
sanctions a number of widenings and improvements 
already made, presumably during the war. The 
North Staffordshire Railway Company have a bill 
authorising new junctions between their Potteries 
loop and the Macclesfield and Stoke line, and the 
company’s Ashbourne branch is to be diverted for 
about 4 mile near Rocester Junction. 

Not much new tramway work is proposed, but 
perhaps rather more than might have been antici- 
pated in view of the past record of these under- 
takings. The only, striking scheme is one pro- 
moted by the Durham County Council, which pro- 
poses to link up the lines at Gateshead with those at 
Durham, passing along the main road through 
Chester-le-Street. Another line will start from the 
metals of the existing tramways at Jarrow, and 
passing through Boldon will connect up with the 
existing trams at South Shields and Sunderland. 
In addition a number of trackless trolley lines are 
to be installed, presumably where the traffic is 
deemed insufficient to justify the cost of tramway 
tracks. One of these trolley lines will connect 
Gateshead with Consett, and a second will pass 
from Gateshead to Chester-le-Street via Pelton, 
Beamish and Tanfield. Another route proposed is 
from Chester-le-Street to Houghton-le-Spring ; 
whilst services are also to be established between 
Spennymoor and Bishop Auckland, Durham and 
Houghton-le-Spring and Felling and Washington. 
No doubt an important element in deciding the 
County Council to embark on the enterprises above 
set out is the cheap rate at which current is supplied 
by the North East Coast power companies, their 
charge being on the average about one-third 
as much as is demanded by the municipal stations 
with which Lancashire has burdened herself. 

The foregoing describes the only really new tram- 
way work that is contemplated, the remainder 
being merely extensions of existing borough lines. 
Such extensions are proposed in Aberdeen, Grimsby, 
Hastings, Leicester, Liverpool, Rotherham and 
Wigan. The corporation at the town last named 
have also a scheme for a trolley service to Aspull. 
This seems to be the only trolley proposal in addition 
to those made by the Durham County Council. 
A large number of towns are seeking powers for 
the running of motor-bus services into the rural 
areas surrounding them, but none of the proposals 
appear to be of other than purely local interest. 
An item of interest in the history of transport 
in this county is the proposal of the Leeds and 
Liverpool Canal Co. to abandon and close the Brad- 
ford Canal navigation, authorised in the eleventh 
year of George III., “for making a navigable 
cut or canal from Bradford to join the Leeds and 
Liverpool Canal at Windhill in the township of 
Idle in the County of York.” This country is, it 
is well known, far from favourable, topographically 
speaking, to canal undertakings. We lack the 
long level plains of certain Continental countries, 
and even in them, between competing points, the 
canal route is commonly 20 to 25 per cent. longer 
than the railway, owing to the relative closeness 
with which the latter can follow the natural contour 
of the ground. 

Amongst the bills dealing with transport there 
may, perhaps, fairly be included the proposals 
for street improvements and widenings. Power 
for such works are sought by the local authorities 
at Burnley, Leicester, Leyton, Liverpool, South 
Shields and Wigan. 

With regard to electrical matters we find that 
the only purely electrical bill promoted this 
year appears to be that in which the County of 
London Electric Supply Corporation seek powers 
for the erection of a new generating station at 
Barking. Two important hydro-electric proposals 
appear in the Edinburgh Gazette. One of these is 
a revival of the Lochaber scheme, which the House 
of Lords rejected two or three years ago on the 
plea. that water powers should be developed by 
public authorities and not by private individuals, 
even when, as in this case, the latter had agreed 
to make substantial contributions to public 
funds in return for the privileges for which they 
asked. As was pointed out at the time, the plea 
on which the Peers acted would involve a delay of 
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running to waste. Some 20 years ago the House 
of Commons rejected an electric power distribution 
scheme on the strength of strenuous asseverations 
that the municipalities and county councils were 
themselves ready and eager to do the work. The 
work, however, still remains to be done. It is to 
be hoped that next session the House of Lords 
may prove to have acquired a better knowledge of 
the history of industrial development, as cheap 
supplies of power are absolutely essential to the 
stability of certain highly important electro- 
metallurgical and electro-chemical industries. The 
company responsible for the Lochaber scheme 
propose to raise the water level in Loch Laggan, 
Loch Trieg and Idir Loch by dams, and to 
impound all the waters now flowing into the 
River Spey above its confluence with the Markie 
Burn ; also the waters of the River Mashie and its 
tributaries ; of the River Spean and its tributaries 
entering above its junction with the River Trieg, 
and also the waters of many minor streams now 
entering the River Spean or the River Lochy. 
The works will comprise a deviation of the North 
British Railway near the mile post indicating 
79 miles from Craigendoran Junction. Works are 
to be erected in the parishes of Kilmallie and 
Kilmonivaig, on land bounded by the River Lochy, 
Loch Linnhe, the River Nevis and the West High- 
land Railway. 

In another important power scheme it is proposed 
to use the gathering grounds of the Grampians in 
Perthshire. The works will involve the enlargement 
of Loch Ericht, Loch Pattack, Loch an t-Seilich, 
Loch Garry, Loch Loch-an-Duin and Loch Mhairc, 
whilst dams are also to be thrown across the Rivers 
Edendon Water, Allt Glas Choire, Allt Dearg, Allt- 
a-Mhuilinn, Allt-a-Chireachain, and the Bruar 
Water. Power stations are to be erected on the 
north shore of Loch Rannock, near Loch Ericht, 
Loch Cuaich, on the Bruar Water, and on the 
River Garry. 

Turning now to water supply matters we find 
that the Metropolitan Water Board propose to make 
a new intake at Staines, near Penton Hook Lock, 
and to enlarge their No. 7 reservoir at Staines. 
Threé new reservoirs are to be constructed at 
Hornsey, one near Walthamstowe and one near 
Sevenoaks. A considerable mileage of new mains 
is to be laid. Much of this will involve expensive 
street work, amongst the new mains included being 
one along the Edgware to the Marble Arch, and 
from Hampstead to John-street, Finsbury, with a 
branch to Islington and Theobalds-road. A clause 
in the Bill provides for the abolition of the office 
of water examiner. No doubt in the case of really 
large cities there is not the same necessity for 
independent control of the quality of the water 
supplied as is advisable in the case of the smaller 
boroughs. The experts employed by large communi- 
ties have, in fact, sufficient standing to assert their 
independence, if the water authority refuses to 
attend to their requirements. Incidentally it may 
be noted that both the Conservancy of the'Thames 
and that of the Lea are seeking powers to increase 
their charges for the water abstracted by the 
Metropolitan Board, and the latter in their turn are 
making arrangements for increasing rates. The 
Manchester Corporation seek power to divert some 
7 miles of the route of the Haweswater Aqueduct 
as fixed in their Act of 1919. The Corporation of 
Preston propose to construct a weir across the 
Langden Brook, in Bowland Forest, and also across 
the Hareden Brook in the same area. A new reser- 
voir is also to be made to the east of the existing 
Alston reservoir. The Batley Corporation propose 
to construct a new reservoir by damming the 
River Holme a little below their existing Ramsden 
reservoir. 

The South Essex Waterworks Company propose 
to construct a new reservoir at Laindon Hills, 
together with a pumping station at Dagenham, and 
to enlarge their existing well at Romford. New 
pumping stations at Langham, and at Inworth, 
with new reservoirs at Langham and Danbury, are 
proposed by the Southend Waterworks Company, 
in conjunction with the South Essex Waterworks 
Company. The Burnley Corporation plan the 
construction of a new reservoir across the Cant 





Clough Beck, near their existing Cant Clough 





reservoir. The Nuneaton Corporation seek powers 
to construct a new service reservoir in their borough, 
and to purchase supplies from the Corporation of 
Leicester. The Sunderland and South Shields 
Water Company propose new pumping stations 
and wells at Hutton Henry and at New Winning 
with new service reservoirs at Mill Hill, Easington 
and Downhill. The Urban District. Council of 
Million (Cumberland) seek powers to impound the 
waters of the Whicham Beck by a reservoir at 
Knottend. 

The East Surrey Water Company propose 
to sink a new well at Smitham, and other 
work in the same area is proposed by the Sutton 
District Water Company, who are to construct a 
new service reservoir near Cheam and to sink a new 
well there, whilst the Croydon Corporation are to 
erect a new pumping station at Beddington. 
The Rotherham Corporation propose to make a 
new reservoir at Wickersley and to erect a pumping 
station at Bawtry. The Bristol Water Company 
have plans for a new service reservoir at Shire- 
hampton. A new pumping station is also pro- 
posed by the water authority of Woodbridge. In 
Scotland a joint board for the supply of Falkirk 
and parts of Stirling propose new intakes from the 
Burnhouse Burn, and to enlarge Loch Coulter. 
Two new reservoirs are also to be constructed on 
the Earls Burn. The Town Council of the Bridge of 
Allan Water plan the enlargement of their Coxburn 
reservoir. 

The Bills relating to harbour works are not numer- 
ous. The scheme for constructing a new deep-water 
wharf at Holehaven, Canvey Island, is again brought 
forward. Hitherto Parliament has taken the view 
that no scheme for improving Thames shipping 
facilities is to be considered on its merits, since the 
Port of London is now controlled by a public 
authority, from which alone will proposals for 
betterment be accepted. The backers of the Hole- 
haven scheme have presumable reasons for believing 
that Parliament will not continue indefinitely to 
reject important improvements simply because they 
may affect existing interests adversely.. A new 
company proposes the improvement of Dartmouth 
by the construction of new quays at Kingswear, 
and by dredging the River Dart. 

Much new work is proposed at Peterhead Harbour. 
The existing Port Henry Pier is to be extended by 
30 ft., and two new jetties built, one 240 ft. long 
and the other 300 ft. long. The portion of ‘the 
outer basin of the North Harbour included between 
these two jetties will be deepened, as will the inner 
basin of Port Henry and the South WPntrance 
Channel. A considerable length of new quay will 
be built and the works contemplated include two new 
opening bridges. The Trustees for Rothesay 
Harbour seek powers to extend the harbour wall by 
210 ft. and the Albert Pier by 100 ft. 

The applications to Parliament made by gas 
undertakers are numerous, but they are almost 
wholly devoid of general interest. For the most 
part, the Bills lodged have to deal with the 
establishment of a calorific standard for gas. The 
charge proposed per therm varies greatly, ranging 
from 1s. 1$d. up to 2s., and it is not in a fixed 
ratio to the price hitherto paid ,per 1,000 cub. ft. 
As far as we have ascertained, \the only novelty 
appears to be a proposal of the Batley Corporation 
to manufacture and supply a special fuel gas for 
industrial purposes. 


THE CYCLE AND MOTOR-CYCLE SHOW. 

Wuiz the exhibition of cycles and motor-cycles 
at Olympia, which opened on the 29th ult., does 
not indicate any great tendency to novelty it is very 
interesting as showing examples of an extremely 
specialised type of engineering. Although the 
ordinary push bicycle is a very small and relatively 
simple machine in itself it has had an effect on the 
world’s social life greater than that of many machines 
which have attracted the attention of engineers 
to a far greater extent. Further, it was the fore- 
runner of the motor-cycle, which has had still more 
revolutionary effects, for it was in connection with 
the motor-cycle far more than in the early motor 
car that the principles of the high-speed petrol 
engine were worked out, and this has not only 
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revolutionised road transport but also led to great lower and the outline of the frame is modified 


developments in flight. 

The cycle and motor-cycle are also interesting in 
that their development has been almost entirely 
by rule of thumb. It is probably seldom that any 
calculations of stress, &c., are made in either of 
these branches. There are no doubt many advan- 
tages in the method of direct trial and error in 
place of calculations, which are after all the result 
of formule based on trial and error, in cases 
where it is possible to carry out that method 
of acquiring data on a large enough scale. It 
is unfortunately not practicable to build a large 
number of Atlantic liners, let us say, in order to 
experiment as to how light they can be built without 
risk, but there is no doubt that if such experiments 
could be tried progress would be more rapid than 
it has been. Such experiments are, however, quite 
possible in the case of cycles, and accordingly it 
is generally simpler to carry out actual experiments 
than to make calculations based on imperfect data. 

Accordingly the ordinary push cycle is now a very 
perfect machine, very light indeed in proportion 
to the weight it carries and yet giving very little 
trouble. Theoretically its defect is that the frame 
is very imperfectly trussed. Fig. 1 shows the 
ordinary frame in full lines, while the dotted lines 
show an addition which ought theoretically to very 
much improve the trussing and make the frame 
stronger and lighter. Yet although this and other 
arrangements have been tried the ordinary frame 
holds the field. The possible reason for this is 
that a bicycle frame has to have a considerable 
resistance to torsion, and it appears likely that if 
the ordinary frame is made rigid enough in this 
direction the bending stresses on the joints due 
to imperfect trussing are not of serious import- 
ance. At all events the frame of the ordinary 
construction can be made satisfactory with a 
weight of some 6 lb., and therefore the margin 
for saving weight by improved construction is 
very small, 

The ordinary push bicycle having now become 
a standard production, there are naturally no 
real novelties at the show and the greater interest 
therefore attaches to the motor-cycle section. 
The problem of making a really satisfactory 
motor-cycle, looking at the matter from an engi- 
neering point of view, is by no means an easy one. 
In a motor-cycle it is impracticable to protect the 
engine from the weather in the way it is protected 
in a car, while there are very distinct limitations 
in the way of weight and space. In particular the 
whole of the machinery has to be got into a very 
narrow space so as not to foul the rider’s legs. 
Owing to questions of cost, and complication, the 
one or two-cylinder engine is practically universal, 
and a considerable part of the weight of such 
engines is flywheel. This makes it very essential 
to run the engines very fast to keep the weight 
down, while on the other hand they have to run with 
very unskilled attention, as few motor cyclists keep 
a chauffeur, and many of them have very little 
time to attend to their machines themselves. 
Water cooling, again, is not general on account of 
weight and cost, and the engines must therefore 
be designed to run with air cooling. 

When all these points are considered it will be 
acknowledged that the problem is, as we have 
already stated, by no means an easy one to deal with, 
but it has been very largely solved by the same 
process as that used in the evolution of the push- 
cycle, namely, trial and error. The result is that the 
motor cycle is now a very satisfactory machine, 
though it can hardly be said to have reached the 
same state of perfection as the push-cycle, and there 
is little doubt that it is capable of a considerable 
amount of improvement. In fact, it appears as 
if the motor-cycle has now reached a stage where a 
real scientific investigation of its construction might 
produce excellent results. The conventional motor- 
cycle of the present day is constructed very much 
on lines developed from the push-cycle, but modified 
to suit the new conditions. The framing is of steel 
tube brazed into lugs of cast malleable or steel 
—usually the former—and follows the general lines 
of the push-cycle, and is usually just as devoid of 
scientific trussing. The riding position is, of course, 
entirely different, the saddle being some 10 in. 
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accordingly. A vertical single cylinder engine is 
mounted on the bottom of the frame, while a three- 
speed gear-box is mounted below the frame and 
behind the engine. This is driven from the crank- 
shaft by a chain, and there is a friction clutch in the 
chain-wheel. In order to allow for this chain 
stretching the gear-box slides bodily on the frame 
and the chain can therefore be adjusted by shifting 
the gear-box. From the gear-box the back wheel 
is driven by either a belt or a chain. In the latter 
case the back wheel slides in forks to adjust the 
back chain. 

While the single-cylindered engine is in the 
majority a large number have diagonal two- 
cylinder engines with two connecting rods working 
on to one crank-pin, the general arrangement being 
otherwise the same. In the majority of cases the 
flywheels are inside the crank-case and the crank 
is of the built-up type, though in some cases forged 
cranks and outside flywheels are used. This con- 
ventional type of machine has been very satis- 
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factory in practice, but appears to be open to 
considerable improvement. 

Probably one point which has tended to make 
it come into general use is the fact that it lends itself 
to the convenient construction of an “ assembled ”’ 
machine. Thus engines and gear boxes are made as 
specialities by various firms, as also are hubs, front 
forks, &c. This makes it easy to assemble a motor 
cycle without making these parts, but it is doubtful 
whether this is the best method of production. 
It is far more important that any machine should 
be a harmonious whole than that the individual 
parts should be good, and therefore it is probably 
better to have that whole designed by one person 
rather than to be an assemblage of specialities. 

Taking the conventional design in detail, the 
engines are on the whole generally satisfactory, 
though it appears that a four-cylinder engine should 
be an improvement for the high powers and a twin 
for the lower ones. The greater the number of 
cylinders the lighter the flywheel for a given power, 
and the flywheel forms a great part of the weight of 
the engine in engines with few cylinders. Where 
they are in the crank-case large flywheels also mean 
a heavy crank-case. Some makers accordingly put 
the flywheels outside, but there are some distinct 
advantages attending] the inside position. In the 
latter case the wheels are directly connected to the 
crank-pin and both the compression pressure and 
driving impulse come directly on them and have 
not to be transmitted through a portion of the shaft 
and one of the main bearings. Probably these 
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advantages outweigh the savings of weight ob- 
tained ,by putting the flywheel outside. ' 

The greatest defect in the ordinary design of 
engines appears to be the great number of gear 
wheels, levers, &c. There are usually two gear 
wheels and camshafts for the valve gear, and even 
then rocking levers are often used to drive the valves 
while, in addition to this, a chain or train of gear 
wheels is often used to drive the magneto. While 
the restricted width and the large diameter of the 
inside flywheels prevents the use of the simple 
arrangement usual in a car it should be possible to 
materially simplify the arrangements now generally 
adopted. Some years ago a motor-cycle was shown 
with a single-cylinder engine having a longitudinal 
camshaft on one side driven by skew gear from the 
crankshaft. The valves were at the sides in the 
ordinary way, vertically over this shaft and the 
magneto was at one end of it and the oil pump at 
the other. There were therefore only two gear 
wheels in! the whole engine, in place of the usual 
four or more, while the tappets were driven direct 
without levers. This arrangement is shown dia- 
grammatically in Fig. 2. There are attempts in 
some engines shown at reduction in parts, but 
none so simple as this. 

Lubrication is still by plain splash as a rule. 
While this has worked well, if properly attended to, 
it seems that some better method should be possible, 
as many riders either over or under-lubricate their 
engines. In some cases pumps are used to introduce 
the oil into the crank-case, and in this case the feed 
is far more uniform. A sump with a trough under 
the big end should, however, be more satisfactory, 
and no more expensive, as the separate oil tank 
and pipes would be done away with. 

The general arrangement of the transmission 
seems open to great improvement. As the gear-box 
is separate from the engine, the frame must be very 
rigid, and therefore heavy to prevent the stress on 
the chain pulling it out of line. Also there must 
be an adjustment for the chain. The engine being 
fixed, the gear-box must be arranged to slide for 
the adjustment. This means that adjusting the 
front chain throws the back one out of adjustment 
and makes the complete adjustment a troublesome 
matter. 

It appears high time that motor-cycle makers 
followed the example of car makers and combined 
their engines and gear-boxes in one unit. The front 
chain could then be run in an oil bath, and would 
be so short that it should need no adjustment. 
Alternatively, gear could be used as is done in 
the case of two American machines which have 
combined engines and gear-boxes. The unit would 
be distinctly lighter than the separate engine and 
gear-box, while the frame could be lightened very 
perceptibly. There are a few machines in which 
the engine and gear-box are so combined, but it is 
desirable that the practice should extend very 
considerably. 

In the matter of frames there appears to be room 
for very great improvement. The ordinary push 
bicycle has, as mentioned, got to very satisfactory 
proportions in this matter, as the result of trial 
and error. Now the result of this trial and error 
is that in the cycle 1 in. or 1} in. tubing is usually 
used for the main tubes, the thickness varying 
slightly according to the use the machine is to be 
put to, but being usually 3 in. or less. Theoreti- 
cally in making frames of varying strengths and 
weights, both diameter and thickness should be 
varied, the proportion between the two being 
constant, but from manufacturing reasons it is 
desirable to keep the diameter constant and vary 
the thickness so as to have standard lugs. Theoreti- 
cally, also, the larger the diameter of a tube, and 
the thinner it is made, the stronger it is for a given 
weight, but there is a limit beyond which it is 
undesirable to go on account of the want of local 
strength. By trial of various diameters of tube, 
from under } in. to over 1} in., it was found that 
1 in. or 1} in. gave the best results on a push bicycle. 

Now if the motor cycles are examined it will be 
seen that the diameter of tubing is little, if any, 
greater in their frames than on those of the push 
bicycles. The motor-cycle is, of course, enormously 
heavier, and also goes at far higher speed, hence 
the stresses on the frames are very much greater. 
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Accordingly the tubes are made a great deal thicker, 
in many cases nearly 4 in. thick. Even then, how- 
ever, frame breakage was very common in France 
during the war, and it is evident that the frames have 
barely the proper margin of safety. It appears that 
what is wanted is not to make the tubes thicker 
but of much greater diameter. If a certain pro- 
portion of diameter to thickness is right for a push 
cycle, approximately the same proportion should be 
right for a motor-cycle, and it is obviously hope- 
lessly wrong to make the tubes the same diameter 
and simply get strength by increasing the thickness. 
This appears to be a case where the trial and error 
method of the cycle maker might be greatly 
improved on. 

In the matter of weight there also seems room 
for improvement. The motor-cycle, like the motor- 
car, has grown in weight considerably during the 
last few years. This seems progress in the wrong 
direction, for the essential requirement of a cycle 
is that it should be light. In some cases this 
increase in weight is due to greater elaboration, as, 
for instance, when a complete lighting set is fitted, 
but apart from these things there still appears 
to be an increase. It is time that a really careful 
study was made of the weights all round, to see 
whether they cannot at all events be got down to 
that of the older machines. 

Among the departures from the conventional 
type are some which have been on the market 
for a considerable time, others quite new. Among 
the former are those fitted with the horizontal 
twin-engine in place of the vertical. This type 
has undoubted advantages, being almost perfectly 
balanced and having the impulses evenly divided. 
It practically entails a forged crank and outside 
flywheel, and takes up rather a greater length in 
the frame in the larger sizes. It is apparently a 
distinctly more expensive engine to build, but apart 
from this appears to have a balance of advantages 
in its favour, and it is interesting to see that there 
are several new examples of this type. 

Spring front forks are universal, but springs to 
the back of the frame are still unusual, though a 
certain number have been on the market for years. 
There is no doubt as to the extra comfort due to 
them, and they also save the machinery from the 
road shocks, but they certainly entail slightly 
greater weight and expense. Probably on the 
lower powered machines they are not worth while, 
but on the large ones they should become universal. 

The majority of the engines are of the ordinary 
four-stroke type, but among the smaller sizes there 
is a tendency to adopt the two-stroke. On the 
whole, the four-stroke is probably the best type 
for general purposes, but the two-stroke has the 
advantage of being a great deal the cheapest to 
produce, as well as being very simple, and this is 
of importance in the smaller sizes, The two stroke 
engines shown are all of the ordinary type in which 
the crank-case is used as a compression chamber for 
the charge before delivery to the cylinder. 

While the belt or chain hold the field as a means 
of transmission to the back wheel, the “ F.N.,” 
shown by Messrs. F. N. (England), Ltd, Kimberley- 
road, Willesden-lane, London, N.W., is an interesting 
example of shaft drive. Two types are shown, and 
both have the engine placed with the crankshaft 
longitudinally, a clutch and sliding gear gear-box, 
a shaft drive and bevel gear to the back axle. 
In fact, the whole lay-out is similar to the ordinary 
car. The smaller size shown has a single cylinder, 
while the larger gets very close to the car practice, 
having a four-cylinder engine. There are certain 
very distinct advantages in the shaft drive, but this 
appears to be practically the only example which 
remains in the market. 

As mentioned, there is a tendency to fit the motor- 
cycle with electric light. Accordingly a consider- 
able amount of interest attaches to the efforts of 
certain magneto makers to use the spare current 
from the magneto for this purpose. It is quite 
wrong theoretically to have two electric generators 
on @ vehicle, one for the lighting and the other 
for the ignition, and this has led the American car 
makers to use the lighting generator to supply 
current for the ignition. In the ordinary 
cycle the opposite seems to be likely to take place 
as the current on the idle strokes of the magneto 





may be used to charge a battery and light the lamps. 
At least two examples of magnetos which will charge 
batteries on this principle are shown. 

Apart from the ordinary motor-cycle there are 
two interesting developments. The first is the 
cycle car designed to take the place of the motor- 
cycle and side car. The latter is immensely popular, 
yet from a mechanical point of view it is hopelessly 
defective. It is obvious that if the ordinary 
“eombination”’ were built as a passenger unit 
without the idea of the bicycle part ever being used 
alone, the machinery could be very considerably 
simplified and cheapened, as well as being made 
far more satisfactory. The whole object of the 
designer of the motor-cycle is to keep the machinery 
within the width of the rider’s feet, and this entails 
a great deal of complication and expense. If it 
were not for this limitation of width the gear-box 
could be placed in line with the engine, magneto on 
the crank shaft or camshaft, &c., and the whole 
design very much improved and also cheapened. 
Further, if the machine were designed as a com- 
bination pure and simple the framing should be 
very much simpler. Two longitudinals and three 
cross-pieces are ample for the frames of a car, so 
the numerous bits usual in a side-car combination 
cannot be necessary. From the point of view of 
the user, the comfort of the machine could be greatly 
improved if the passengers sat side by side on a 
seat in place of one on a cycle saddle and one in 
the side car. 

Accordingly there have been numerous attempts 
to make a “ cycle car’’ which would take the place 
of the cycle and side car. Several of these are 
exhibited at the present show. So far none of them 
seem quite to have come up to the requirements 
of the situation, for the side car is still shown in 
very large numbers in many cases on cycles of such 
weight that they are not likely to be much used 
alone. 

Probably there are two reasons for the pre- 
dominance of the side car, the one mechanical, the 
other commercial. Few of the “cycle cars”’ 
appear to have been designed with enough con- 
sideration of the requirements of the case to be 
thoroughly satisfactory. In order to meet the 
demands for cheapness in first cost and running, 
both the manufacturing cost and weight must be 
very carefully considered in the desi Framing, 
engine, transmission, &c., must be reduced to the 
very fewest number of parts. Unfortunately, this 
is not by any means always the case, the designs 
often being far more complicated than necessary. 
One attempt in this direction, for instance, has 
over 40 pieces in the frame, as compared with 
five for a full-sized car. 

The majority of the machines of this type have a 
single driving wheel at the back and two steering 
wheels. The engine is usually placed in front, as 
in a car, and there is a gear-box of the usual type 
with either shaft or chain final drive. There seems 
no doubt that a machine of this type could be made 
far more efficient than the cycle and side car if 
really carefully-designed, but most of those shown 
seem, as we have said, capable of much improve- 
ment. 

On commercial grounds any machine of this type 
would have to be very sound to drive out the cycle 
and side car, as the latter has the advantage of 
using @ great many parts which are usual in the 
motor cycle, and can therefore be made in great 
quantity. Also the buying public may expect a 
great deal more of any vehicle which calls itself 
a car than they do of the vehicle which calls itself 
a cycle, and this may very much affect sales. 

The other variety of machine which is of interest 
is the vehicle which is intended to come between the 
push cycle and the ordinary motor-cycle. The 
latter has gradually increased in weight till it 
weighs some 180 lb. minimum. True, even the 
small machine is powerful and fast, but there are 
many people who want to be propelled but who do 
not want to go very fast, and equally don’t want 
to have to handle a heavy weight. Another point 
is that in the ordinary motor-cycle the engine is 
placed between the rider’s legs. This isjof no 
importance when going on @ long journey, and is 
the best place from a mechanical point ofjview. 
It usually means, however, that special clothes 





have to be worn, as oil from the engine is liable 
to get on to the rider’s legs, and this is frequently 
a great disadvantage. ..Accordingly many varieties 
have been produced. These fall into two categories. 
First there is the attachment intended to be fixed 
to the ordinary cycle, and, second, the “ motor 
scooter.” The former can only be successful if it 
does not entail putting any additional weight on the 
frame of the machine, for the ordinary cycle is 
not built with a great margin of weight. Several 
examples are shown, one of which we illustrate 
on page 735 of the present issue. 

The motor scooter is usually a motor-cycle with 
a small engine and very small wheels, generally 
about 16 in. Originally it appears that the rider 
was expected to stand on footboard as a child does 
on a scooter, but most are now provided with 
saddles. While -these machines may be a con- 
venience to some, the small wheels must be a 
very great disadvantage, and the mechanical 
arrangements usually are not so good as the 
ordinary motor cycle. 

Taking it all round it seems that the interests of 
those who want something a great deal lighter 
than the ordinary motor cycle would be best served 
by a well-thought-out machine of the ordinary type, 
but of light weight, with the engine very pom sce | 
designed not to throw out oil. In designing suc 
a machine only a low power and moderate speed 
should be aimed at, and two speeds would be ample, 
possibly a single speed enough. The petrol tank 
need not carry fuel for long runs, as the machine 
would be essentially intended for short-distances. 
Granting these conditions, it should be possible to 
get a useful motor-cycle down to 100 Ib., and yet to 
make a machine better than either the attachment 
to the ordinary cycle or the motor scooter. 

One very striking feature of the show is the very 
small number of foreign exhibits. In the Motor 
Car Show and the Commercial Vehicle Show there 
were quite a large number of foreign vehicles, 
especially in the former case. In the motor-Cycle 
Show, however, there are hardly any Continental 
machines,, though there are a few, such as the 
“ F.N.,” which hails from Belgium. There are also 
a few examples of motor cycles from America, but 
the very large majority of the cycles and motor- 
cycles are British. 





NOTES. 
INDUSTRIAL ELECTRICAL RESEARCH. 

ENGINEERING in its various branches has not so 
far figured very prominently in connection with the 
formation of research associations under the scheme 
operated by the Department of Scientific and 
Industrial Research, but an important association 
has now been inaugurated for dealing with electrica] 
matters. The comparatively little activity which 
has been displayed by the engineering trades in this 
matter is no doubt partly attributable to research 
and investigation, in many forms and in many 
places, having long been an everyday matter with 
engineers and engineering manufacturers, while in 
some of the trades which have taken advantage of 
the Government scheme research of any kind appears 
to have been previously unknown. That this State- 
assisted scheme, while valuable, opens no new vista 
to the engineering trades is illustrated by the fact 
that this recently-formed electrical association does 
not cover new ground, but is to carry on work 
previously covered by a research committee of the 
Institution of Electrical Engineers in conjunction 
with the British Electrical and Allied Manufacturers’ 
Association. The new association, which is in- 
corporated under the Department of Scientific 
and Industrial Research, has been constituted by 
the two bodies mentioned, and bears the title of 
“The British Electrical and Allied Industries 
Research Association.” The new organisation has a 
guaranteed minimum income of 16,0001. a year for 
five years, half of this sum under the Government 
scheme being contributed from State funds. There 
is no reason to suppose that the work previously 
carried on will be interfered with in any way by the 
official connection which has now been established, 
and the extra income will be of much value in 
enlarging the possible scope of the work i 
out. The matters at t in hand cover an 
investigation on the ing of insulating oils, 
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the preparation of. standard specifications for 
insulating materials, and a research on the heating 
of ‘buried cables. A preliminary report) on this 
latter investigation has already been prepared, and 
is to be discussed at forthcoming meetings of the 
Institution of Electrical Engineers. Other matters 
in hand include investigation of composite and 
fibrous insulating materials, porcelain, mica, &c., and 
a research in connection with mining switchgear. 
Mr. E. B. Wedmore is the secretary of the Association 
and Director of Research, and the offices are at 
19, Tothill-street, Westminster. 


Discussions aT INsTITUTION MEETINGS. 

On leaving the meeting of the Institute of Trans- 
port on Monday last” we confess to a feeling of 
considerable disappointment. * Here is a practically 
brand new institution, capable of attracting very 
good attendances at its meetings, but apparently 
quite unable to stimulate anything in the way of 
discussion. Owing to its short existence it is 
perfectly impossible that the views ‘of ‘all the 
members should be known to each'‘other, yet on 
Monday last only four speakers had anything at,all 
to say on the paper read, three of them from places 
at the council table and only one from the body of 
the hall. We hope that everything possible will 
be done to change such a state of affairs. The 
Institute has had a good send-off, and has plenty of 
influential support, but it will not succeed in life 
unless it fosters debate. Members will not for long 
attend the meetings merely to listen to papers 
which they can read equally well in greater comfort 
a few weeks later from their journal. If an interest- 
ing discussion may as a rule be anticipated, the 
attendance will, on the other hand, probably 
increase. We may suggest that a little tactful 
stage management would help to break the ice, 
and assist many, whe perhaps feel that they are as 
yet among comparative strangers, to understand 
that their co-operation is sincerely desired in these 
matters. A little care, however, is needed in this 
direction. We were recently at a meeting at 
which those responsible for this sort of thing had 
been almost too successful in their efforts. The 
room had apparently been filled with invited experts, 
and the ordinary member and casual speaker could 
not get a look in, though evidently several were 
anxious to contribute some remarks. If it is 
overdone in this way the last state may well be 
worse than the first, as keen men inside the Institu- 
tion will not attend if they find themselves cut out 
from all participation in the proceedings. There 
is no fear of such a state at present, it appears, 
at the Institute of Transport. The subject taken 
on Monday last was ‘‘ Economics and Co-ordination 
of Transport by Road,” which is wide enough in all 
conscience. Although Mr. Shrapnell Smith’s paper 
suffered perhaps from being rather too compre- 
hensive, it must be allowed that it furnished endless 
points for discussion, ranging from taxes to fuel 
supply, and from labour troubles to clearing houses. 
We offer the opinion for what it is worth, that a 
good discussion warms the heart of the author of a 
paper much more than honeyed words of con- 
gratulation and thanks. There is no doubt what- 
ever as to which is of more value to the progress 
of the community. 


Evecrretorry Surruy in Loxpon. 

It 1s matter for satisfaction that there now appears 
a likelihood of a Joint Electricity Authority for the 
London area being constituted by fairly general 
agreement. In view of the position which the 
London County Council has taken up on more than 
one oceasion on this matter of electricity supply, 
it would have been no surprise if it had raised 
difficulties in connection with the formation of a 
joint authority. The recommendations of its 
Special Committee which has been appointed to 
inquire into the matter were, however, accepted 
with but little comment at the Council meeting 
last Tuesday, and the formation of a joint authority 
would now appear likely to go through without 
opposition from the Council. The Council have 
apparently been brought into close touch. with 
both the other local authorities concerned and with 
many of the principal London supply companies in 
connection with the fairly general opposition which 
was offered to the proposal of the County of London 





Electric Supply Company to build a large station 


at Barking. It is, however, recognised . that, 
particularly on the financial and administrative 
side, there may not: be uniformity in the ideas of 
the Council and those of the other local authorities, 
and the companies and the Council propose them- 
selves to prepare a scheme for a joint authority for 
submission to the Electricity Commissioners. In 
drawing up its details, however, they propose to keep 
in close touch at least with the other local authori- 
ties: The technical details of the Council scheme 
are being worked out by Mr. J. H. Rider, and before 
the scheme is completed and ready to go before 
the Electricity Commissioners no purpose would 
be served by discussingit narrowly. It is interesting 


to note, however, that the Council have realised | 


the time not to be a fit one for sweeping schemes of 
purchase. They think, and we concur, that “ any 
arrangement which involved the immediate acquisi- 
tion of the whole of the generation and trans- 
mission side of electricity supply in the area would 
handicap the authority.” They are accordingly 
to propose that all new stations, generating plant 
and transmission lines should be provided by the 
authority, but existing plant, stations and {dis- 
tributing systems should remain in their present 
hands. It is intended that by this system all 
generating plant should ultimately become the 
property of the Joint Authority. When this 
process is complete it is proposed that stations 


and transmission lines should be purchased on a| 


basis of original cost less depreciation. This latter 
proposal is clearly likely to meet with opposition 
from the companies, and in any case the matter 
cannot be divorced from the rights of the companies 
to be bought out in 1931, under the terms of the 
Electric Lighting Act of 1888. The actual meaning 
of the purchase terms of this Act. are, we believe, 
still to be determined in a Court of Law. 








INDUSTRIAL NOTES. 


Tue Ministry of Labour state that the decline in| 


employment, which was observed during September, 
continued in October. In the latter half of the month 
most of the principal industries were seriously affected 
by the shortage of fuel resulting from the general strike 
at the coal mines, and at the end of October employment 
in most of these industries was very slack. The pro- 
portion unemployed among members of trade unions 
(mostly of skilled workmen) from which returns are 
received rose from 2-2 per cent. at the end of September 
to 5-3 per cent. at the end of October, and the number 
of workpeople claiming out-of-work benefit under the 
Unemployment Insurance Acts of 1911 and 1916, or 
the out-of-work donation scheme for ex-service men, 
rose from 274,000 to approximately 500,000. In 
addition, large numbers of workpeople in many of the 
principal industries were on short time at the end of 
the month. 

The total number of trade disputes, involving 
stoppages of work, reported to the Department. as 
beginning in October, was 71. In addition, 93 disputes 
which began before October were still in progress at 
the beginning of the month. By far the most important 
of these disputes was that involving about 1,100,000 
workpeople in the coal-mining industry—which began 
on October 18 and continued into November. 'The 
total number of workpeople involved in all the disputes 
in progress during October (including those thrown 
out of work at the establishments where the disputes 
occurred, though not themselves parties to the dis- 
putes) was about 1,200,000, as compared with 104,000 
in the previous‘month and 630,000 in October, 1919, 
when disputes were in progress involving 500,000 
railway workers and between}60,000 and 70,000 iron- 
founders, coremakers, dressers, &c. ‘The estimated 

gate duration of all disputes in the month was 
about 13,474,000 working days, as compared with 
1,109,000 in September, 1920, and 4,670,000 in October, 
1919. 

In the industries for which statistics are available 
changes in the rates of wages reported to the depart- 
ment as having been arranged to come into operation 
in October resulted in a total increase of over 118,000. 
in the weekly wages of over 780,000 workpeople. The 
principal bodies of workpeople affected were those 
employed in the railway service, among whom adult 
men en in the manipulation of traffic received 
an advance, under the sliding scale, of 2s. a week, and 
male clerks, supervisory staffs and traffic control 
staffs received advances of 4s. a week, or 10/. per 
annum. Other important bodies affected were work- 
ae the brick, tile, &c., and cement¥trades, and. 
ve 


builders and wheelwrights.* 3 
The average level of retail prices (including those of 


food, clothing, fuel and light, &c., as well as rents) at 
November 1, as indicated by the statistics prepared 
by the Ministry of Labour, was about 176 per cent. 
above that of July, 1914, as compared with 164 per 
cent. at October 1. The increase was mainly due to 
the increase in the retail prices of flour and bread 
following the reduction of the subsidy, but part, 
also, to increases in the prices of butter, milk and eggs. 
On the other hand, reductions in the prices of some 
articles of clothing were reported by many retailers, 
The statistics are designed to indicate the average 
increase in the cost of maintaining unchanged the 
average pre-war standard of living of the working 
classes. Accordingly, in making the calculations the 
changes in the prices of the various items included 
are combined in proportions corresponding with the 
relative importance of those items in pre-war working- 
class expenditure, no allowance being made for any 
changes in the standard of living. 





In the eighty-fourth quarterly balance-sheet of the 
General Federation of Trade Unions, the secretary, 
Mr. W. A. Appleton, states that no one can con- 
template the industrial situation without grave mis- 
giving ; reports concerning unemployment, both actual 
and prospective, are serious enough to make every 
man who has experience very anxious. Many 
thousands of good workers are facing the winter with 
fear. To discover the real causes of unemployment 
and the real remedies would be worth all the money 
the trade union movement possesses. It is no use 
| talking about the right to work unless we can discover 
| the laws that govern work and the proper way of 
applying them. Many believe that ‘heavy taxation 
;and adverse rates of exchange are responsible for 
|much of the trouble that afflicts Britain. Others 
| place the major portion of the blame upon the Depart- 
mental interferences and upon the uncertainty which 
exists in connection with delivery and price. It is 
also said that, compared with pre-war, from three 
to four times the capital is required to start or to 
| expand a business. With the rate of interest at 
8 per cent., commencing or expanding a business is 
an exceedingly difficult operation. With the lack of 
new capital at reasonable rates the question of the 
utilisation to the full of the existing capital, whether 
it is fluid or fixed, becomes a matter of vital importance. 
In studying this subject it is necessary to disregard 
preconception, and to get at and act upon the truth. 
If we do this it may be that: we shall find that the 
artificial obstacles to exchange which the different 
nations are setting up, though not the main cause of 
unemployment, are at least an adverse influence. 
It may also be found that prices have passed beyond 
the capacity or the willingness of the potential buyer. 
Whatever the causes we ought to state them. If we 
can do this we may not only relieve present distresses 
but prevent them in the future. 

Mr. Appleton also states that the membership of 
the Federation continues to increase, and now stands 
at a total of 1,633,230. The contributions also show 
an upward tendency. In 1907 they totalled 25,656I. 
for the year; in 1920 they total 25,6491. for one 
quarter. In 1907 the Federation paid in dispute 
benefit 8,467/.; the quarterly average for the present 
calendar year amounts to 13,403l. 








—" 


The Joint Committee of the Mining Association of 
Great Britain, representing the coalowners, and , the 
Miners’ Federation, representing the men, held a 
conference in London last week, at the close of which 
the following statement was made :— 

“A friendly discussion took place on the con- 
solidation of present wages, and the future regulation 
of wages in the industry. The question of output 
was also considered, and the following resolution was 
passed: ‘To ask the district committees to forward 
each week, with the least possible delay, to the National 
Committee, statistical information as to the aggregate 
output of the collieries in their respective areas each 
calendar week, i.e., from Monday to Saturday, in order 
to keep the committee informed as to the movement 
of output. Such information to be accompanied by 
a report indicating whether or not, in their opinion, 
the output is satisfactory, or, if not, what they con- 
sider to be the cause. Such statistical information 
should set out the weekly output per person, (a) for 
getters andPfillers; (6) total number of persons 
employed underground ; (c) total number of persons 
both underground and on the surface of the mine. 

The meeting was adjourned to a later date. 





The Halifax Corporation Tramways Committee 
have passed a resolution declaring that the frequent 
applications from trade unions for increases In rates 
of pay are prejudicial to the interests of the munici 
pality, and that -until!a National Joint Industrial 
Council, controlling all classes of : labour connected 
with municipalities is established, the inconsistencies 











DEc, 3, 1920.] 


ENGINEERING. 


747 








at present existing will continue. The resolution adds 
that the time has arrived when a National Joint 
Industrial Council, dealing with all classes of labour, 
should be established, and the many Joint Industrial 
Councils abolished. The committee further declare 
that the cycle of wage advances does not benefit 
employees, and that attempts should be made to 
reduce the cost of living. 





Speaking at the Stephenson Memorial Hall, Chester- 
field, last Sunday, Mr. J. R. Clynes, M.P., admitted 
that the Labour Party had its faults, end the chief 
fault was of its own making, namely, impatience. 
There was a desire to make headway too quickly, 
and nine or ten sections had been formed, with the 
result that not only was there an internal weakening 
of the Party, but the public were bewildered and 
scarcely knew what Labour stood for. There was 
within the ranks of Labour a lack of that toleration 
and charity without which no movement could prosper. 


After the launch in the Mersey last Saturday of the 
Cunard steamer Samaria, built by Messrs. Cammell 
Laird and Co., Limited, Sir William Forwood, a director 
of the company, stated that he was giving away no 
secret when he said the Samaria ought to have been 
launched and in commission six months ago. This 
was because labour, although they took pay for 
8 hours’ work a day, only worked 5} hours or 6 hours 
a day, and the ship had cost probably 250,0001. more 
than she ought to have done. Labour was short- 
sighted, for had they worked as in pre-war times the 
ship would have been cleared and her berth occupied 
by another vessel. There were thousands of men 
walking the streets of Birkenhead, and he trusted 
wiser counsels would prevail. Sir George Carter, the 
managing director of Messrs. Cammell Laird, said it 
was difficult to recognise labour to-day as being 
organised. The Shipwrights’ strike stopped all repair 
work in the river, and thousands of men were;thrown 
out of work. That strike took place without the 
authority of the executive, and the men thought of 
nobody but themselves, That was not organised 
labour, and until it was properly organised it was 
impossible for any industry in the country to go on 
as they had a right to expect. 





The third quarterly report, from June 28 to Septem- 
ber 25, of the Associated Blacksmiths’ and Ironworkers’ 
Society, records an increase in the membership. The 
figure at the close of September was 23,310, an increase 
of 153. New branches have been opened at Fleetwood, 
Falmouth and Coalburn, making the total number of 
branches 201. The income for the quarter is returned 
as 14,8391., a reduction on that of the June quarter of 
2,4601. The expenditure forthe quarter amounts to 
14,010/., an increase over last quarter of 2,9901., and 
accounted for by a general increase in the expenditure 
for unemployment, dispute, disablement, accident and 
superannuation benefits, together with the increase of 
the affiliation fees to the Labour Party and Trade 
Union Congress, and the extraordinary call of the 
Engineering and Shipbuilding Trades’ Federation. 

The Railwaymen’s International Congress opened 
in London last Monday; it was attended by repre- 
sentatives of 1,357,000 workers of this country, France, 
Belgium, Holland, Sweden, Denmark, Luxemburg, 
Austria and Germany. Mr. J. H. Thomas, M.P., 
stated he believed there would be a big fight in the 
next few months in this country. It would take place 
over a new stand the railwaymen were going to make. 
“We have fought for hours and wages,”’ said Mr. 
Thomas, “and we have succeeded in reducing our 
hours and increasing our wages. We believe we can 
contribute something to efficient railway management. 
We believe the railwaymen can, by their experience, 
do much to help to improve our transport system. 
We believe that where there are problems on the 
managerial side it would be better if we knew all about 
them, but we are denied that opportunity. Only a 
few years ago railway companies said that our business 
was merely to do what we were told. We answered 
that by saying, when the Government a few months 
ago indicated in their White Paper that they realised 
the railwaymen ought to share in the management, 
that it was our intention to hold the Government to 
that promise and to see it was not camouflage for the 
purpose of bluffing the public. I hope our Government 
will understand clearly that on this matter the railway- 


men a our country are absolutely united and deter- 
mined.” 


According to The Yorkshire Post, Mr. J. T. Brownlie 
(Amalgamated Engineers’ Union), speaking at a 
meeting of engineers at Gainsborough last. Sunday, 
warned trade unionists not to be led away by 
the wild vapourings of extremists. If it was wrong 
for a Government to plunge a nation into war, it 











was equally wrong for the working classes of this 
nation to throw themselves into suffering through 
the extremists’ policy. He was, he added, a democrat, 
and believed in democracy, but he was very much 
afraid of a proletariat Government, because"he knew 
something of the dictatorship in Russia. They were 
not going to destroy capitalism by asking for more 
wages, and if they were driven to a policy of direct 
action he foreshadowed a considerable amount of 
suffering which would fall upon the working people. 
We should be starved out in the course of a few weeks 
because we were dependent for five-sixths of our 
foodstuffs on foreign nations, who would cease to 
supply us because our credit would be shattered. 


The shipyard joiners and carpenters having been 
informed that the special bonus of 12s. per week 
which was granted them in April last is now to cease, 
large numbers of these craftsmen have come out on 
strike. 











* LIMIT GAUGES.”’ 
To THE Eprror or ENGINEERING. 

Sir,—In your interesting leader on ‘“‘ Limit Gauges,” 
in your issue of the 12th ult., you mention the fact that 
at the beginning of the war Woolwich insisted on ’‘ not- 
go”’ screw gauges, but hardly give to Sir Richard 
Glazebrook the great credit due to him for their abolition. 
As “Director of Production” to the Ministry of 
Munitions in its early days, I had to deal with gauge 
production, and of all one’s work the question of pro- 
duction of screw gauges was casily the most difficult, 
By Sir Richard Glazebrook’s suggestion and influence 
the “ not-go”’ gauge was abolished, and not only was 
our work on screw gauges halved and thus rendered 
practical, but, as I have often said, the country saved 
many times over the whole cost of the National Physical 
Laboratory since its inception. ‘This institution must 
ever remain a monument to Sir Richard, and one shudders 
to think what would have been our position had it not 
beer for the great work its gauge department was able 
to carry out during the war, owing to his foresight. 
Its very existence was due to his pertinacity and business 
acumen as well as scientific knowledge, and only by a 
true history of those troublous times in the second half 
of 1915 can we realise what we owe to him. 

There is only one other point, and that is to state 
that Mr. Turner, referred to as ‘‘ of the National Physical 
Laboratory,” was I believe, when working with Mr. 
Taylor, in the employ of one of our railway companies, 
although attach to the Ministry of Munitions and 
allocated to the Laboratory. 

Yours faithfully, 
Hy. Fowrer. 

Derby. November 25, 1920. 


ON THE INFLUENCE OF GASES ON GROWTH 
OF CAST-IRON UNDER REPEATED HEAT- 
ING CONDITIONS, &c. 

To THE Eprror oF ENGINEERING. 

Srr,— Your reference, in the issue of November 26, 
to the recent work of Messrs. Okéchi and Saté, of the 
Tokyo College of Engineering, is of interest to all students 
of the metallurgy of cast-iron. The careful and clearly 
summarised researches of our fellow metallurgists in 
Japan on the subject of cast-iron shows that they are 
advancing rapidly in practical research. 

The writer would call attention to the recent paper 
of Messrs. Honda and Marakui (Iron and Steel Institute, 
September, 1920) on the graphitisation of iron-carbon 
alloys, wherein the authors give strong reasons for their 
conclusion that the mechanism of graphite formation 
in such alloys is due to the influence of the gas CO 
imprisoned within the metal—either in solution or in 
the free state. 

It was shown that there occur at about 1,130 C. 
reactions of the type: 


2CO = CO, + © (1) 


CO. + Fes = 2CO + 3 Fe (2) 


so long as there is an appreciable quantity of CO gas 
left in the metal. It will be noticed that this action 
occurs during the volumetric expansion of the cast-iron 
at about the eutectic freezing-point, as first clearl 

indicated by Professor Turner in his valuable researc 

on volume changes in cast-iron. 

The inference is that gases play a very considerable 
part in these volume changes. The important function 
played by imprisoned gases in the phenomena connected 
with dilatation at the allotropic c ange or recalescence 
points is now proved by Messrs. Okéchi and Saté, 
who have shown that the included gases are the chief 
cause of growth in grey cast-iron when repeatedly 
heated above the Ac; point. 

It may be of interest to state that the work of our 
fellow metallurgists in Japan confirms the results of 
similar researches on the same subject conducted between 
the years 1902 and 1907 by the writer. In Ree on 
the ‘‘ Influence of Gases on the Structure of Cast-Iron 
and Steel,”’ read before the Staffordshire Iron and Steel 
Institute in 1907, the writer gave reasons for his con- 
clusions that the dilatations which accompany the 
allotropic changes occurring during the heating of iron 
and steel are largely due to the presence of gases 
imprisoned within the métal masses. 

rofessor H. C. Carpenter proved later that 
included gases influence the growth of repeatedly-heated 


and 





cast-iron, but he did not specially define such influence 
as related to the phenomenon of dilatation at the point 
of maximum dilatation, Ac. 

The writer would like to emphasise the imprisoned-gas 
influence further in considering the problem of puddled 
iron manufacture. 

He has recently shown (paper on “ Future Develop- 
ments in Puddled Iron {emutacture,” Staffo: i 
Tron and Steel Institute, 1919) that when grey cast-iron 
is melted in the puddling furnace refining actions proceed 
in the liquid metal until a carbon content of, say, 2 per 
cent. is reached. Below this point the furnace tempera. 
ture is too low for further refining in the a ote 
and the plastic iron crystals begin to 2 out (he 
by the salenahen of the puddler's rabble) from the liquid 
eutectiferous matrix which becomes the locale of the CO 
and other gases expelled from the congealing iron 
crystals as they ‘‘ come to nature.”’ 

The resulting ball of spongy iron is a mass of plastic 
iron crystals practically -free, though the accom- 
panying slag or cinder is wildly gaseous, having received 
the bulk of the ejected gases, 

In the steel-melting furnace the refining or elimination 
of the metalloids proceeds throughout the operation in 
a liquid metal mass wherein the imprisoned gases persist 
and are carried forward and to some considerable extent 
are entrapped within the frozen ingot. 

In the comparatively carbon-free ingot steel of the 
““Armeo”’ type the presence of imprisoned gases and 
ferrous oxide at the crystal boundaries differentiate 
that material from well-worked puddled iron. 

In the latter case there can be no remanent entrap 
gases to influence and intensify the dilatation incident 
to cast-iron and steel, thus rendering the working, 
rolling, drawing or forging at the allotropic change 
temperatures free from the dangers which ee 
the plastic working of “déad-mild”’ steel at suc 
temperatures. ‘I here is little doubt that this peopasty 
of good wrought-iron accounts for the general reliability 
of forged and welded articles in iron requiring no after 
heat-treatment to relieve strains which, in steel, must be 
set up during mechanical work put on the material 
during its passage through the recalescence range. 
Hence the increasing demand and faith in good wrought- 
iron for smith’s work, 

It may yet be found that gaseous inclusions in steel 
influence its welding efficiency, and that the problem 
of corrosion is similarly related. The n tor a 
practically conducted research on the influence of gaseous, 
oxide, sulphide and slag inclusions as affecting the welding 
and corrosive ——— of iron and steel is urgent, 

ours faithfully, 
J. E. Frercuer, M.1.Mech.E, 

Netherton Iron Works, Dudley, 

November 27, 1920. 
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FUEL OIL IN DIESEL ENGINES. 


Some Experiments in Connection with the Injection and 
Combustion of Fuel Oil in Diesel Engines.* 

By a epee C. J, Hawkes, R.N.(Ret.), 
(Member), Professor of Engineering, Armstrong 
College, Newcastle-upon-Tyne. 

THE injection of fuel oil in Diesel engines is of the 
utmost importance, especially in the case of engines of 
comparatively high speed, and in dealing with this 
subject references will be made to experiments which 
have been carried out at the Admiralty ineering 
Laboratory in connection with the development of the 
high-speed engine for naval purposes. The more general 
method of injecting fuel oil into a Diesel engine is by the 
use of compressed air, but considerable advance has 
been made with the, so-called, solid-injection system. 
It is now generally known that nearly all British sub- 
marine engines are fitted with the solid-injection system 


Fig.1. 














The aluminium-alloy piston, which was fitted with 
six narrow cast-iron rings, was lubricated with the same 
oil as was used for bearing lubrication. The exhaust 
valve of the experimental engine was water cooled. Dur- 
ing tests which were previously made with this engine it 
was found that the exhaust valve had a tendency to 
stick even after a comparatively short period of working. 
When exami it was found that the clearance between 
the valve spindle and its guide was always filled with 
a hard carbon deposit and it was decided to grind the 
spindle parallel and fit a deflector, as shown in Fig. 1, 
a so that when the exhaust valve opened 
spindle was protected from the rush of exhaust gases. 

his deflector was found to be effective in the experi- 
mental engine, and since it has been fitted there has been 
no sign of sticking of the exhaust valve and the. spindle 
has always been free and clean when removed for 
examination, The valve spindle is lubricated by means 
of a mechanical lubricator. 

Experiments were carried out at the Admiralty 


TABLE I.—Resvtts or Tests 


trumpet expanding from in. to in, in jin. But 

a cots of tests made with’ diftesens tondilinetion of the 

trumpets led to no useful result, It was decided, there- ~ 
m. 


fore, to no further in this directio 
Several tests were then made with yers provided 
with holes smaller than the standard 0-019 in. As 


there were, at that time, no suitable drills available the 
small holes were made by drilling holes about 0-019 in. 
diameter, caulking them over, and then opening them 
out again to the size required with a fine tapered reamer. 
The holes were, therefore, 0-019 in, in diameter with a 


the | knife-edged orifice of slightly smaller diameter, Fairly 


results were obtained with a sprayer having five 
0-015 in. holes, but a sprayer provided with five 0-012- 
in. holes was not goomising, he best all-round results 
were, however, obtained with a sprayer having five 
0.:016-in. holes, equally spaced, Tests Band C, Table I, 
give the results obtained with the 0 +016-in. hole sprayer. 
It will be seen that in each case the fuel consumption 





is appreciably less than with the 0-019-in, hole sprayer. 


wire. Various Sprayers, &c. 
























































| FUEL OTL. FUEL VALVE. 
Opening Com- 
Ref. of Fuel Sprayer. pression 
Letter | R.P.M. |} B.H.P. | Valve Roller Pres. Remarks. 
of before Lb. Pres. Clear- | Lb. = 
Tests t.d.c. | B.H.P. | Lb. per No, Diam ance. Sq. In. 
Deg. Hour. | Sq. In. of of In. 
Holes. | Holes 
A 380-0 100+1 20-0 0°45 4,000 5 0-019 0-030 460 
B 381-5 101-0 10-5 0-42 4,200 5 0-016 0-072 460 
Cc 377°5 99-4 11-5 0:42 4,500 5 0-016 0-095 460 
c 4 D 380-0 100-0 19-0 0-47 4,300 5 0-016 0-003 485 Steel plates used. 
E 382-9 101-0 23-0 0-43 3,400 5 0-016 0-003 380 Compression reduced to, 380 1b, 
per square inch. s 
——— F 380-3] 100-3 12:0 | 0-42 | 5,600 5 0-016 | 0-090 | $80.) oi a4 peyaion 
—and the credit for this development is due to Messrs. G 880-8 | 100-4) 15: 0:49 |, 8,700 5 0-016 | 0- ston top covere : 
Vickers, Limited. With the air-injection ‘system a SG. ates aman 
definite quantity of fuel oil is pumped into she fuel valve} i 380-3 | 100-2} 8-0 | 0-46 | 5,600 5 | 0-016] 0-100} 490 Do. do. 
casing, and when the fuel valve is lifted off its seat; J 378°4| 99-8| 8-5 | 0-47 | 5,700 5 0-016 | 0-100:|. 490. | Steel plates. Fuel oil heated to 
compressed air, provided by a high-pressure air com- 400 deg. F,. on pressure side, 
pressor, blows the fuel oil into the cylinder in a very 
finely-divided state. In the case of 5 cet tetica " 
system no air compressor. is. required. fuel pump ° , 2. 5-Ho Sprayer. Houzs 0-016,1y. 
raises the oil in the fuel-valve'casing, and in the system Fig. 2. TD.C. Fio eg ‘malee 380. B.H.P. 100 , r ’ 
generally, to a eomparatively high pressure, and when ; mr ves cmp ayy thd e. 
the fuel valve is lifted off its seat the requisite quantity 4 Curve 1. Barring round Diagram. Notch 4. 
of oil is forced, by its own pressure, through @ number of Curve 4. Running Diagram, Notch 4, Fuel pressure 
small holes in the sprayer—which causes the cil to be 2 Carvsi® 3,700 Ib. 0 8 week's 
split up into @ mist. y 3 Ba aii Curve 5. Runnin Diagram’ Notch 3. Fuel pressure 
It is proposed to refer in the first instance to experi- } ; 206 Ib. cia . — 
ments carried out with the solid-injection system and 6 @ Curve 8. Barring round Diagram, Notch 2, 
then to certain experiments with the air-injection Curve 6. Running Diagram, Notch 2. Fuel pressure, 
system. The. single-cylinder four-stroke engine used ° 5,600 Ib. 
for the solid-injection tests was the first engine installed Fig. 3. 
in the Admiralty Engineeri ratory. is engine, J 
which is Gtted with @ piston of euminium elloy, hee © Fic. 3. 4-Horx Srraver. Horxs 0-019 Iv. 
cylinder diameter of 14} in., stroke 15 in., and develops Diam. 47TH Notcnu oF QuADRANT. FUEL 
100 brake horse-power (nominal) at 380 r.p.m. The 3 TDC. Vatve Rouuzr CLEARANCE 0.003. Revs. 
solid-injection fuel valve used during most of the experi- 380 
i, tie faavenien inde Scalcmapee egy land, c 1. Barri d Dia 
i.e., uel-valve s Ww ugh a gland, , eae surve 1. ring roun gram. 
was operated directly by. the fuel-valve lever. The 4 7 Curve 2. Running Diagram, Fuel pressure, 4,100 Ib, 
instant of injection of the fuel was adjusted by Curve 3. Running Diagram, Fuel pressure, 5,000 Ib. 
of the timing gear which Lyne the aie of - fuel 
camshaft in relation to the crankshaft. fuel pump . ‘ 
used during the tests was of bronze and the suction and Fig.4. TD.C. Fic. 4, 5-Horz SPRAYER. Hots 0-019 In. 
delivery valves were of hardened steel. The fuel-pump Diam. 4TH Notcu oF QuADRANT. FuEL 
glands were packed with Palmetto packing. Owing to VatvE Roiver CiEeaRance 0-003. Revs. 
the use of very small holes in the sprayer it is imperative 380 
that the oil should be thoroughly strained, and strainers Prone P 
are consequently fitted on the suction side and also on Curve 1. Barring round Diagram. 
the discharge side of the fuel pump between the pressure $21 Curve 2. Running Diagram. Fuel pressure, 2,500 Ib. 
gaugé and the fuel valve. The fuel used during all. the Curve 3. Running Diagram. Fuel pressure, 4,000 Ib. 
solid-injection tests referred to in this paper was shale ‘9.5 
fuel oil having a cific vity of about 0:86 at Fig. F ; é 
60 deg... fach-poins 290 dee, F- cies deel. ents TDC. Fic. 5. 5-Hore Sprayer. Hoxzs 0-019 In. 
viscosity of 43 seconds at 70 deg. F, (Redwood No. 1). Diam. 2Nnvd Norcn. ROLLER CLEARANCE 
The power developed by the engine was absorbed by a Z 0-090 In. R.P.M. 380. 
eer yer bie dynamometer, The counter read- ne Curve 1 sie Diesen 
ings and other records were taken every 15 minutes.| Gée3)7 < y Barri mu 
In some cases ‘only half-hour tests were ~ fe but, even “eie6) 3 i Galea - Running Diagram. Spring load of 618 Ib. 
with such short runs, with the apparatus used. and with Pe 


the engine at working temperatures the records were 
for all practical purposes accurate, The results given 
are the means of not less than two tests carried out 
under the same conditions. In all cases, with the 
exception of a few runs at low powers, the initial, or 
maximum, pressure was adjusted by means of the 
timing gear to about 630 Ib. per square inch before 
commencing a test. The compression pressures used 
during the tests are shown in the tables of results. 
Throughout the principal tests the jacket, &c., cooling 
water was kept at a mean temperature of about 80 deg. F. 

On account of the situation of the laboratory it was 
necessary to fit an exhaust pipe about 180 ft. in length. 
The engine exhausted into two, silencers fitted with 
water sprays and consequently steam was produced in 
the exhaust pipe which made it difficult to ascertain the 
condition of the exhaust with any degree of accuracy. 
The drainage water from the first silencer was, however, 
allowed to over a glass plate painted white on 
the under side, and it was found that by this means 
the condition of the exhaust could be readily ascertained 
and the presence of even a small quantity of carbon in 
the exhaust gases was immediately detected. the 
results given, therefore, the condition of the silencer 
drainage water is recorded. 


* Abstract of a paper read before the North-East Coast 
To ana of Engineers and Shipbuilders, November 26, 














Engineering Laboratory with the object of ascertaining 
the effect of varying the number and size of the holes 
in the solid-injection sprayer. 

Before commencing these experiments, tests were 
carried out with the single-cylinder engine at 100 brake 
horse-power and 380 r.p.m., with a sprayer provided 
with five holes 0-019 in. in diameter. This sprayer 
was similar to the sprayers fitted in submarine engines 
in 1914, It had previously been found that better 
results could he obtained by increasing the pressure in 
the system, and Test A, Table I, was therefore carried 
out with a fuel pressure of 4,000* lb., per square inch 
(gauge). The fuel consumption was 0-45 lb. per brake 
horse-power hour, but it must be remembered that the 
experimental engine has only a single cylinder and it 
is fitted with a camshaft driving mechanism which was 
originally made for a multi-cylinder engine of the same 
desi 


1 ed thought that slightly better results might be | t 


obtained if the fuel sprays were passed over a heated 
surface and a sprayer was therefore made so that each 
of the five 0-019-in. holes was surrounded by a steel 





* The pressure in the system during all the experiments 
referred to in this paper was inc as nece by 
ing the clearance between the roller carried by 


Running Diagram. Spring load of 750 Ib. 


At this stage it was decided to ascertain the effect of 

fitting steel plates to the top of the aluminium-alloy 
iston, Five insulated steel places were therefore 
tted, each 2} in. by 2} in. by } in. thick, in positions 

such that the fuel sprays would strike them. The fitting 
of these plates increased the compression Devine by 
25 Ib. per square inch, ‘The results obtained are shown 
in Test D, Table I. It will be seen that the effect 
of the plates was to increase the fuel consumption, 
Several modifications were tried, with the results recorded 
in Table I. 

When the plates were removed it was found that 
they had been very hot in places, they were generally 
free from carbon deposit, and although they were not 
blistered there were distinct signs of erosion where the 
fuel jets im . The unsatisfactory results were 
certainly due to delayed combustion—which was clearly 
shown by the indicator cards and the exhaust tempera- 


ure. 

Up to this time the best consumption s had been 
obtained with the sprayer pro with five holes 
0-016 in. in diameter, without ony. a heating 
devices. Comparing tests E and F, Table I, it will be 
seen that the fuel consumption was slightly reduced 
by increasing the fuel-injection pressure. nm carrying 
out tests at higher injection 3, however, it was 





one arm of the fuel valve actuating lever and the fuel 
cam. 


noticed that increasing the fuel-valve roller clearance 
beyond a certain point did not give any better results. 
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It was also noticed that the fuel-valve roller did not 
follow the contour‘of the cam, and it was decided to 
ake valve-lift diagrams from the engine when running. 
For this purpose an extension was fitted to the fuel-valve 
spindle, and an ordinary indicator was secured to the 
fuel-valve body 80 that the spindle extension pressed 
against the underside of the indicator piston. The 
pre Mere enters 0 Sabeaelineed Scher ptabennl 
was approximately 90 aes. out wit! nm. 
By this means the fuel valve lift diagrams were obtained, 
A 2001b. indicator spring was used. Co ef actual 
diagrams, the ordinates of which give the lift of the fuel 
valve magnified six times, are shown in Figs. 2 to 5. 
The quadrant of the fuel valve cut-out lever was notched. 
Notch 4 represents the position in which the fuel valve 
had its full lift, notch 2 the lowest lift position at which 
tests were made and notch 3 an intermediate position. 

Fig. 2 shows one of the first valve-lift diagrams taken 
with the sprayer provided with five holes 0-016 in. in 
diameter.* The effect of “notching out” on the 
movement of the fuel valve is clearly indicated. Curves 
1, 2 and 3 represent the movement of the fuel valve 
for each position of the cut-out lever when the engi 
was barred round, i.e., when the fuel-valve roller followed 
the contour of the cam. The breaks in these curves, 
e.9., at a in curve 3, are due to the backlash of the cam- 
shaft driving mechanism which is taken up by the load 
on the fuel-valve spring when the top of the cam passes 
below the roller. Curves 1, 2 and 3 are, therefore, not 
correct as drawn, but should be somewhat as shown 
dotted. 

Valve-lift diagrams were also taken with a sprayer 
vrovided with four 0-016-in. diameter holes, and these 
are shown in Fig. 3. With this sprayer the effect of 
increasing the fuel pressure is most marked—but it 
must, of course, be regarded as an extreme case. Valve- 
lift diagrams obtained with a sprayer provided with 
five 0-019-in. diameter holes are shown in Fig. 4. 
Curve 1 is the “barring”? diagram, and making the 
necessary correction for the back-lash in the driving 
mechanism it will be seen from curve 2 that when the 
engine was running with the normal fuel pressure of 
2,500 lb., per square inch the roller practically followed 
the cam. Ata pressure of 4,000 lb. per square inch the 
roller began to leave the cam (curve 3, Fig. 4). In this 
instance a valve spring was in use loaded to 618 lb, when 
the valve was in the closed position. The effect of 
increasing the spring load was next ascertained. Fig. 5 
shows the diagrams obtained with the 0-019-in. hole 
sprayer. Curve 1 shows the ‘“barring’’ diagram. 
Curve 2 is the running diagram with a spring load of 
618 Ib, and a fuel pressure of 4,500 Ib. per square inch, 
and curve 3 is the running diagram with a spring load 
of 750 lb, and a fuel pressure of 5,200 Ib. per square inch. 
The quantity of fuel oil passed was the same for curves 
2and 3. The effect of the stronger spring is fairly marked 
but it is still insufficient to cause the roller to follow 
the cam. Better results were obtained by increasing 
the load on the spring to 850 lb., but, with the maximum 
valve-spindle friction, no appreciable advantage was 
obtained by increasing the spring load beyond this 
figure, 

It was considered desirable at this stage to investigate 
the fuel-valve cam, spring, &c., and to ascertain under 
what conditions “‘ jumping ’’ of the fuel valve was likely 
to oceur, The curves shown in Fig. 6 were therefore 
prepared, Curve @ represents the curve of velocity 
of opening and closing of the fuel valve ; curve 6 repre- 
sents the forces ry to accelerate and decelerate 
the valve, &e., curve c represents the load due to a 
618-lb, spring, and curve d the spring load available after 
deducting the forces ry to accelerate or d ate 
the valve and its operating gear. 














TaBLe II,—Variation of Pressure in Injection System. 








Maximum Minimum Fluctuation 
. Pressure. Pressure. of Pressure. Mean of 
Lb. per Sq. In. | Lb. per Sq. In. | Lb. per Sq. In. | (@) and (5). 
(a) (d) 
4,560 8,440 1,120 4,000 
4,320 8,280 1,040 3,800 
4,240 3,200 1,040 3,720 
4,000 3,040 960 3,520 
3,680 2,800 B80 3,240 
$3,480 2,640 840 3,060 
3,360 2,560 800 2,960 
2,840 2,160 680 2,500 
2,360 1,720 640 2,040 
2,000 1,400 600 1,700 
1,920 1,360 560 1,640 














Diagrams had previously been taken from the fuel 
system with the object of ascertaining the pres- 
sure during the cycle. For this p an ordinary 
hydraulic indicator was used, but as whale oil was found 
to leak past the indicator piston a U-pipe connection 
was made to the indicator whic 1 as filled with a viscous 
ojl—so that the heavy oil was in contact with the piston. 
This overcame the leakage difficalty, and it is considered 
that reliable records of the variations of pressure were 
obtained, Table IT oes the maximum and minimum 
pressures recorded when pumping varying quantities 
of fuel oil, with the engine running at 420 Stn. ; 

A typical diagram taken from the fuel-injection 
y thong is shown in Fig. 7. In this re See indicator 
drum was running at engine speed and the fuel pum 
at comenees pee’ 4 The pump dead centres are marked 
on the diagram. 

Referring again to Fig, 6, curve e represents the 


* It was subsequently found that the load on the valve 
spring in use was slightly less than 618 Ib.—which was 
the load on the standard springs fitted in submarine 
engines in 1914, 





unbalanced oil pressure on the valve on the assumptions 
that the full pressure is acting during the opening and 
closing periods of the valve, and that the pressure drops 
uniformly in the system from 4,500 Ib. to 3,500 lb. per 

re inch. The former is not, of course, correct for 
all positions of the fuel valve but the latter is approxi- 
mately correct. Curve f shows a similar curve, but 
it assumes that the pressure in the system drops uni- 
formly from 3,000 Ib. to 2,000: lb. per square inch, giving 
a@ mean working pressure of about 2,500 lb. per square 
inch—which was the pressure for which the system was 


taining more, and also, less, than five holes were tested. 
but the five-hole sprayer gave the best results within 
the limits of fuel pressure which the system as designed 
was capable of withstanding satisfactorily. All the 
experiments pointed, however, to the desirability, 
within practical limits, of using smaller holes and higher 
fuel pressures; and had it been possible to employ 
higher fuel pressures in the experimental engine there 
is no doubt that its flexibility would have been increased. 

The number and size of the holes in a sprayer depend 
on the mean pressure in the fuel-injection system ; on 





originally designed. The critical period is undoubtedly 
when the valve begins to close, and if the full pressure 
acts on the underside of the valve during this period— 
and it probably does during the early portion of the 
closing period—it will be seen that the balance of spring 
load available to overcome gland friction is practicall 
negligible with the higher fuel pressures eunienedl 
Gland friction is acting against the spring during the 
closing period, whilst the unbalanced pressure on the 
valve is always acting against the spring. Fuel-valve 
gland friction is difficult to estimate in an engine running 
on service. In the case of the experimental engine it 
was ascertained that with the fuel-valve gland carefully 
packed (and tight) a force of 8-5 Ib. was required to 
overcome gland friction (diameter of valve spindle 
¥ in.). This should be regarded as being about the 
minimum figure. It will be seen that the 618 lb. spring 
rovides only a small margin to overcome an increase 
in gland friction, or an increased fuel oil pressure beyond 
that for which the system was originally designed. 
So far as spindle friction is concerned the use of a 
“ground” fuel-yalve spindle is an advantage—as a 
gland is then unnecessary. Difficulties following the 
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adoption of higher pressures can be surmounted by 
fitting stronger springs or by a further modification 
of the design. 

The 0-016-in. hole sprayer used in the tests so far 
recorded was made, as already mentioned, by caulking 
over the ends of the holes of a 0 -019-in. sprayer and then 
opening out each hole with a tapered reamer to 0-016 in. 
This sprayer showed signs of wear, but it was not 
excessive, although it been in use for an appreciable 
time. Later, suitable drills were obtained and the 
0-016 in. holes were drilled in a sprayer of the standard 
shape. After carrying out a number of tests it was 
found that the best results were obtained with the 
| 0-016-in, hole sprayer by filing flats in the vicinity of 
each hole and so reducing the length of each hole to 
about y\, in. 

The success of the solid-injection engine on service, 
from the point of view of smokeless combustion, depends 
very largely on the fuel valve and fuel-pump design, 
correct settings, clean sprayers and tight joints in the 
system. There should be no difficulty with leakage of 
connections so Jong as substantial fittings are prov: : 
but it is advisable to reduce the number of joints to a 
minimum. It is imperative that every precaution 
should be taken to ensure the thorough filtration of the 
fuel oil on its passage to the fuel valve. Although fine 
filters are fitted occasionally it is found that a choke 
of one or more holes of a sprayer does occur—especially 
when the valves and fittings are new. The occasional 
choking of sprayers on service is probably largely due 
to pieces of pac working down from the fuel-valve 
spindle glands, and for this reason, as well as from the 

int of view of spindle friction, it is advantageous to 

the valves so that glands are unnecessary. 
of packing from ere gece # glands also find their way to 
the sprayers and this points to the desirability of dis- 
pensing with packing glands in fuel pumps as well as in 
the fuel valves. 

In the experiments referred to in this paper the best 
all-round results were obtained with a sprayer provided 
with five holes 0-016 in. in diameter. Sprayers con- 














the vi ity of the fuel oil; on the mean indicated 
pressure aimed at; on the distance the jets have to 
penetrate into the combustion chamber and also on the 
speed of the engine. The angle of the holes, é.¢., the 
angle of the cone on which the holes are drilled, is 
dependent on the shape of the combustion chamber. 
So far as the author is aware there are at present no 
formule which can be used to determine the number. 
size and angle of holes necessary in a sprayer for a given 
engine to ensure the best results—it is largely a question 
of trial and error. 

Although generally the fuel. pump worked satis- 
factorily during the tests, such pumps should, in the 
author’s opinion, be made from forged steel blocks 
or steel stampings, when working with fuel pressures 
of the order mentioned in this paper. 

In view of the experience obtained with the direct-lift 
fuel valve it was decided to design an automatic valve 
which would completely control the fuel spray, and 
which would also avoid the necessity of fitting a spindle 
gland—thus reducing the chances of the valve sticking 
in the open position or closing sluggishly. In the case 
of the single-cylinder experimental engine already 





mentioned it was extremely doubtful whether the 
existing gears would stand up against its load for any 
length of time, and with the object of overcoming this 
difficulty a valve was designed on the lines of that shown 
in Fig. 8. 

With this arrangement the automatic valve is con- 
trolled by means of the mechanically-operated spindle 
or stop A so that the ordinary fuel’ pump can be 
used. To operate the valve a lever (not shown in the 
figure), actuated by the ordinary fuel cam, lifts the 
spindle A against a spring which corresponds to the 
spring in the direct-lift type of fuel valve. The fuel 
pressure in the solid-injection system acting on the 

iston D then lifts the automatic valve, which is loaded 

y spring E, and fuel is sprayed into the cylinder. The 
closing of the automatic valve is brought about either 
by the fuel pressure falling below that necessary to keep 
the valve lifted or by the closing movement of the 
spindle A. It will be seen that the fuel pressure avail- 
able for spraying is not less than the loading on the 
valve due to the spring E; and this is a distinct advan- 
tage, especially when running at low powers. 

in the direct-lift t of solid-injection fuel valve 
the spray is obtained by forcing oil at high velocity 
through small holes in a sprayer; and the pressure 
available for producing velocity is controlled by the 
valve. When the valve commences to lift this pressure. 
due to wire-drawing past the seat, &c., is less than that 
available in the system, with the result that the spray 
at the commencement of injection is probably not 
particularly good. In a similar manner when the 
valve closes the pressure in the sprayer gradually falls. 
and it seems reasonable to assume that the last drop 
of oil goes into the cylinder in the form of a dribble. For 
this reason it is desirable to close the valve as rapidly 
as possible. The defects of this type of valve are more 
marked as the speed of the engine is reduced or the lift 
of the valve decreased—both of which have an adverse 
effect on the quality of the spray. This, as already 
mentioned, is likely to be of greater importance when 
oils ate used which do not come under the heading of 
** clean ” oils. oe 

In the case of the automatic valve, shown in Fig. 8 
it will be seen that the full fuel pressure is close up to 
the point of exit ‘of the fuel oil from the yer. As 
soon as the automatic valve lifts the full available pressure 
causes a fine y to’ pass the valve seat. the 
valve lifts be’ a certain small amount the spray 1s 
formed by the oil being forced the ves G 
at a high velocity and the valve ceases to have any 
a ble effect on the quality of the spray. Similarly 
whe the valve closes the control of the spray is taken 
up by the valve end and a much finer spray is obtained 
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at the instant of closing than is possible with the direct- 
lift type of fuel valve. The spray past the valve seat, 
as distinct from the spray resulting from the fuel passing 
through the grooved plate at high velocity when the 
valve is clear of its seat, can be made so fine that it has 
little or no penetrating effect, and therefore such a fine 
spray is to be avoided, at least in the case of high-speed 
engines. With the automatic valve, therefore, the 
closing and opening of the valve should be as rapid as 
ssible. 

With the valve shown in Fig. 8 considerable trouble 
was experienced, as in the case of experimental valves 
of other designs, due to the inclination of the fuel valve 
to the axis of the cylinder of the single-cylinder experi- 
mental engine. Experiments were made with different 
types of nozzle plates with the object of turning the 
spray, and although nearly 100 brake horse-power was 
developed at 380 r.p.m., the results were unsatisfactory. 
A very fine spray could be produced with the automatic 
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valve, but the moment an attempt was made to deflect 
the spray the particles of oil coalesced and the energy 
of the spray was largely lost. 

At a later date a new cylinder cover, designed to take 
a vertical fuel valve, was fitted to the experimental 
cylinder. When the new automatic valve was made 
it was tried in an atmospheric testing apparatus, and 
&@ very fine spray was produced. The shape of the 
combustion space of the experimental engine necessitated 
however, the use of a spray of wide angle, and it was 
found that considerable energy was lost in producing 
it. The valve was then tried in the experimental engine, 
with various numbers and sizes of grooves in the nozzle 
plate, but only 66 brake horse-power at 380 r.p.m. 
was reached satisfactorily. Better results would doubt- 
less have been obtained had it been possible to use 
higher fuel pressures ; as the energy of the fine sprays 
produced would thereby have been increased, resulting 
in an improvement in the penetration, and consequently 
in the distribution, of fuel oil in the combustion space. 
At low speeds the automatic valve was very satisfactory, 
and it was found that the engine could be run for long 
periods at 6 brake horse-power and 116 r.p.m., whereas 
with the direct-lift type of injection valve it was difficult 
to run the engine below 25 brake horse-power at 140 
r.p.m. without misfiring. When the automatic valve was 
in use at the lowest power an indicator diagram was 
taken with the pencil held on the yet six 


tate 1 Por Peper. 
successive injections of fuel and onl le li i 
= y a single line diagram 


indicating that the firing was certain and 














regular, and that the automatic valve was superior 
to the direct-lift injection valve for low-speed running. 

From the experience gained it was evident that 
with an automatic valye on the lines of Fig. 8 satis- 
factory results could be obtained with the fuel pressure 
used owing to the shape of the combustion chamber of 
the experimental cylinder. To use _ solid-injection 
satisfactorily it is necessary to pulverise the fuel oil as 
finely as poole. and at the same time to produce a 
spray with sufficient penetration to ensure that the fuel 
is brought in contact with the air required for its com- 
bustion, Unfortunately these two uirements are 
incompatible, and it is necessary therefore to effect a 
compromise—and this compromise can only be reached 
largely by trial and error. In the case of the automatic 
valve shown in Fig. 8 the pulverisation was excellent 
but the penetration was poor, i.¢., the energy of the 
sprays, owing to their finely-divided state, was rapidly 
lost when they entered the compressed air in the com- 
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bustion space, and this resulted in the presence of a rich 
mixture in the vicinity of the fuel sprayer; which 
was followed by late burning. The lack of penetration 
of the automatic valve sprayer was more marked as the 
angle of the spray was increased, 


As it was not possible to modify the shape of the | 


combustion space of the experimental engine without 
considerable structural alterations, or to employ higher 
fuel pr , the aut tic valve described was put 
aside. In nearly all the fuel valves subsequently 








air speeds through the induction valve and not to the 


use of blast air in air-injection engines. Blast air splits 
up and distributes the fuel oil.in the combustion apens. 
but it acts symmetrically about the centre line of the 
aueey® and its direction of action is. under control 
(depending on the position, size and shape of the holes 
in the distributor or flame plate) ; uently it is 
much less likely to drive a portion of the fuel on to the 
cool walls of the liner and cover. 

There is no doubt that solid injection has much to 
recommend it, so long as it is in every way satisfactory 
on ere Sag" By its adoption it is not necessary to make 
provision for an air compressor for supplying blast air— 
and the high-pressure compressor, ci Catemrn. has 
in some instances been a continued source of trouble. 
Air injection is, however, principally used to-day, and 
it seems fair to presume, therefore, that many manu- 
facturers have ly, if not entirely, overcome their 
compressor troubles. So far as present experience is 
concerned it is considered that a ter variety of 
fuel oils can be used satisfactorily with air injection than 
with solid injection. With the fuel oils experimented 
with at the laboratory it has been found that up to 
about 100 lb, mean indicated pressure the fuel con- 
sumption with solid injection is approximately the same 
as the fuel consumption with air injection, at the same 
power and , after taking into account the power 
required to drive the injecti . This means 
that whilst the consumption per brake horse-power is 
the same with both systems the consumption r 
indicated horse-power is less with the air-injection engine 
than with the solid-injection engine—i.e., the com- 
bustion of the fuel oil in the air-injection engine is 
slightly better than in the solid-injection engine. This 
difference is no doubt largely due to the better and more 
rapid distribution of the fuel oil mist in the compression 
space, which naturally follows the use of air for injection 
purposes, as the sprays have more energy, and the air 
when it expands in the combustion 5 carries the 
fuel-oil mist with it. Owing to the cooling effect of the 
injection air, however, a higher compression is necessary 
in the air injection engine than in the solid-injection 
engine, for the same fuel oil. It is also found that the 
solid injection engine starts more readily from the cold 
condition than the Air-injection engine, although in 
this connection much depends on the compression ratio 
and on the type of sprayer employed. 

At mean indicated pressures at and above 110 lb. per 
square inch, the experimental engine running at 380 
r.p.m., smokeless combustion could not be satisfactorily 
obtained with the solid-injection system, and as it was 
desirable that higher mean indicated pressures should 
be developed, it was decided to experiment with the 
air-injection system. The ordinary air-injection valve 
will be referred to later, but it is proposed briefly to refer, 
at this stage, to a valve which may be regarded as a 
combination of the air and solid-injection systems. 

In the orditiary air-injection valve the fuel is forced 
into the fuel-valve casing against the pressure of the 
injection air, but no advantage is derived from the 
pressure to which the fuel oil is subjected. In the 
modified valve the oil is sprayed in the manner common 
to solid-injection systems, but inside the cylinder it 
meets a jet or jets of air so that the distribution is thereby 
improved. It was ho that by the use of such a valve 
a smaller quantity of blast air would be required than is 
necessary with the ordinary air-injection valve. Further, 
in the event of the air compressor failing the engine 
would be able to run at a lightly lower power satis- 
factorily on solid injection alone, Various valves were 
tried based on this principle, both with the air jets 
surrounding the fuel jets, and also with the fuel jets 
surrounding the air jets, but it is not possible within the 
limits of this paper to refer to more than one valve 
which has given promising results when using shale 





experimented with at the laboratory, both air and | fuel oil. 


solid-injection, the principle of the automatic valve 
was, however, retained 
necessary penetration of the 


; but in order to obtain the | end of the valve. 
rays multi-hole sprayers | and the fuel oil passes into the combustion s 


Fig. 9 shows diagrammatically a section of the sprayer 
A is lower end of the automatic valve 
e through 


were employed on the lines of the direct-lift fuel valve | the small holes a, b, &c., when the valve is lifted. Four 


previously ref to 

Good results 
Engineering Laborato 
in nearly all cases po fl 
tests. 


air holes surround each fuel exit, so that four small air 


have been obtained at the Admiralty | jets meet the fuel spray in the combustion space at a 
with solid-fuel injection, but | small angle. 
fuel oil has been used in the | operated by a separate cam controls the supply of high- 
A few tests were carried out with Texas and | pressure air to the air channels shown. 


In the experimental engine an air valve 


American distillate oils and satisfactory results obtained, | ment was made to facilitate experiment, but it is probable 


but no other fuel oils have so far been tested. 


It would | that in a valve of this type for service use one cam would 


be interesting to hear whether smokeless combustion | be used for controlling the admission of both air and fuel. 
has been obtained with fuel oils other than those referred | The engine can be started on the solid-injéction system 


to above, in an engine running at 380 r.p.m. and at 
not less than 100 ib. mean indicated pressure. The 
problem is, perhaps less difficult in the case of engines of 
slower speed working at comparatively low mean 
pressures, 


Experiments were carried out with the object of | 


ascertaini 
with the solid-injection system by increased turbulence, 
due to increasing the velocity of the air through the 
induction valve. These experiments indica that 
there was no improvement due to increased turbulence ; 
in fact, the fuel consumption was slightly increased 
and the exhaust was slightly shaded. On the face of it, 
it would appear that turbulence would assist combustion 
in the case of the Diesel engine—but it will be seen that 
a high degree of turbulence might have a harmful effect 
by distorting the spray and causing a portion of it to 
be brought in contact with the comparatively cool walls 
or cover of the engine before the oil globules had com- 
pletely vaporised. This action wo roduce a smoky 
exhaust. It is very essential that a fuel spray should 
not strike a cool surface, and as a high degree of tur- 
bulence would have a tendency to bring this about it is 
considered that turbulence is not so desirable in the 
Diesel engine as it undoubtedly is in the explosion ine. 
The turbulence referred to is, of course, that due to high 


whether improved results would be obtained | 





alone, and therefore it is possible to employ a lower 
compression ratio than would suffice to ensure an easy 
start from the cold condition with the ordinary air- 
injection system in use. 

It has so far been found that with this valve smokeless 
combustion can be obtained with a mean indica 
pressure of just over 130 lb. per square inch—the 
experimental engine runni at 380 r.p.m, The con- 
sumption of blast air is slightly less than with the 
ordinary air-injection valve. The fuel consumption at 
about 130 lb. mean indicated pr , using shale 
fuel oil, is just under 0-41 lb. per brake horse-pewer, 
but as the air compressor is driven by an electrie motor 
this does not take into account the power required to 
supply the blast air. The valve combining the solid 
and air-injection systems has some advantages over 
the ordinary air-injecti valve, but it undoubtedly 
involves greater complication. Experiments are bei! 
continued, and the question of its ion will, o 
course, depend upon the results obtai ter prol d 
trials. 

When using 
developing 
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the ordinary air-injection system for 
comparatively high mean pressures in high- 
speed engines it is necessary to use a distrib ibutor pro- 
vided with holes so that a number of small jets are 
produced. Fig. 10 shows the lower end of a fuel valve 
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designed for a 20-in. by 20-in. experimental four-stroke 
cycle engine. The number and size of the holes in the 
distributor to give the best all-round results is a question 
of trial. The angle of the holes, as in the case of the 
solid-injection sprayer, is largely dependent on the 
shape of the compression space. 

A few details of tests carried out with various fuel-valve 
distributors in a single- poem opposed-piston two- 
stroke engine may be of interest. This engine was 
designed and constructed by Messrs. William Doxford 
and Sons, Sunderland, originally for their own use, 
but before the ine had nm run it was transferred 
to the Admiralty peony Laboratory. The engine 
follows the firm’s usual design and has a cylinder diameter 
of 14:55 in. and a combined stroke of 28-3 in. It is 
fitted with two water-cooled fuel valves. The double- 
acting scavenge pump and four-stage air compressor are 
driven from two cranks on an extension of the engine 


lines of the two fuel valves in the horizontal plane are 
parallel but slightly off-set.) A number of distributors 
of this t were tested, and it was found that the best 
all-round results were obtained with the distributor 
A 16, of which a horizontal section is shown in Fig. 12. 
The upper row of holes in each distributor is indicated 
in the figure by the full lines and the lower row of holes 
- j the dotted lines. Table III gives the sizes and les 
of the holes. The mean results of a series of tests carried 
out with the A 16 distributors are shown in Table IV 
and Fig. 13. The fuel used was Texas fuel oil having 
@ specific gravity of 0-91 at $6 deg. F., flash-point 
195 deg. F. (close test), viscosity 318 seconds at 70 deg. F. 
(Redwood No. 1), and a calorific value of 18,400 British 
thermal units (lower heating value). The exhaust 
was clear throughout the tests. 

The maximum power developed by the A 16 distri- 
butors was 406 brake horse-power at 364 r.p.m., the 


shaft. The scavenge pump and compressor were made| mean indicated pressure being 150 Ib. per square inch. 
larger than necessary for ordinary aoe for the}The exhaust was not black at this power, but it was 
purpose of supercharging experiments at a later date, | dark 


and consequently this reduced slightly the mechanical 
efficiency of the engine. During the tests referred to 
in this paper the engine, owing to the lay-out of the 
laboratory, exhaus into a pipe 180 ft. in length. 
Tasze III, 
Distributor A 16. 


























Diameter of 
hole, in. . .|0-031}0-047/0-055/0 -058)/0 -062/0 -063 
Angle of top | 37-0) 51-5) 63-5) 74-0) 85-0) 92-5) Angles 
jets, deg. measured 
from EF. 
Angle of bot- | 21-0) 34:0) 46-5) 57-5) 66-5) 76-0) Angles 
tom jets, deg. measured 
from EG. 
Distributor A 17. 
Diameter of |0-047|) 0-05|0-047| 0-05)0-058/0 -047 
hole, in. 
Angle of jets, | 40-0) 60-0) 88-0/115-0/138-0/158-5| Angles 
deg. measured 
from EF. 


























Taste 1V,—Mean Results of Two Tests at Each Power 


with each Type of Distributor. 






































é Fuel Oil, . 2 
| Ss Lb. per ef 5 -_ 
3 §, | HP-Hr | g. |e 
Bla lala | a (ee pS | fA 
SM ) slg} me pee ! De) a ti 2 
3 = = = a af) ne is AL 
x s 
g am we RR |fe 
Al6 820 | 134 | 511 | 331 | 64-7) 0-32) 0-49) 1,325 | 760 
Al? 319 | 132 | 504 | 330 | 65-6) 0-32) 0-49) 1,325 _ 
Al6 303 | 121 437 | 277 | 63-4) 0-3 | 0-48) 1,225 | 668 
Al7 304 | 119 | 432 | 278 | 64-3) 0-3 | 0-47) 1,225 _ 
Al6 286 | 109 | 370 | 230 | 62-2) 0-29) 0°47) 1,100 | 606 
Al7 2865 | 105 | 359 | 230 | 64-0) 0-3 | 0-47) 1,100 _ 
Al6 265 99 | 312 | 185 | 59-3) 0-28) 0-48) 1,000 | 540 
Al7 265 98 | 305 | 185 | 60-6) 0-29) 0-47) 1,000 — 
Al6 247 89 | 263 | 145 | 55-2) 0-27) 0-49 900 | 525 
Al? 247 86 | 253 | 145 | 57-3) 0-28) 0-48 900 _ 
Texas fuel oil used, specific gravity 0-91 at 60 deg. F. Exhaust 


clear throughout. Temperature of exhaust taken by thermo- 
couple. Cams in use : ont cam opened 19 deg. before T.D.C.., 
closed 41 deg. after T.D.C.; back cam opened 6 deg. before 
T.D.C. and closed 32-5 deg. after T.D.C. 

The sprayer or distributor, of each fuel valve as 
originally designed was provided with two narrow slits 
intended to give horizontal fan-shaped sprays. The 
centre line of each spray was about } in. from the top 
of the adjacent piston—the distance between the 
pistons at the end of the compression being about 
1-75 in. A number of tests at various powers were 
carried out with the original distributors shown in 
Fig. 1 with various shapes of cams, &c., and it was 
found that the fuel consumption at the higher powers 
and speeds increased rapidly with an increase in mean 
pressure. From the experience gained with the experi- 
mental 14} in. by 15 in. four-stroke engine it was clear 
that fuel sprays having a comparatively large surface 
were not satisfactory, as when working at high speeds 
and high mean indicated pressures late burning resulted. 
It was decided, therefore, that further improvements 
in the fuel consumption of the opposed-piston engine 
could only be obtained ‘by replacing the original dis- 
tributors by distributors provided with a number of 
holes. The design of the original valves was such 
that it was n to. cut off the ends of the valve 
bodies and replace them by ends which could be adapted 
to take experimental distributors provided with circular 
re Fig. 12 shows the experimental distributors as 

t ° 

Each distributor was provided with two rows of 
holes. The centre lines - the holes were made parallel 
to the flat tops of the pistons, and the angles of the holes 
in the horizontal plane were arranged to give the best 
distribution, The diameter of each hole depended on its 
distance from the cylinder liner in the direction of the 
spray and on the volume of that portion of the com- 
bustion space which it had to feed, and it was 
that each row of holes should sweep over approximately 
half the surface of the adjacent piston. (The centre 








The results obtained with the original fan-sha 
sprays at 320 r.p.m, are shown in Fig. 18. It will be 
seen that the A 16 distributors gave much better results 
in regard to fuel consumption than the fan sprays. 

It was then decided to fit distributors on the lites of 
distributor A 17, Fig. 12, In this distributor, particulars 
of which are given in Table III, each row sweeps the whole 
of the piston surface and the holes are of more uniform 
size. The mean results of the series of tests with these 
distributors, shown in Table [V and Fig. 13, do not differ 
in any marked degree from the results with the A 16 
distributor. 

In all the distributors experimented with the mean 
distance of the rows of holes from the tops of the adjacent 
pistons when at the end of the compression stroke was 
#{ in. It was arranged, therefore, to test distributors 
with the rows of holes about /, in. from the piston, but 
otherwise similar in all cts to the A 17 distributors. 
The fuel consumptions at the higher mean pressures were 
not so good as the consumptions with the A 16 or A 17 
distributors. This bears out Professor Junkers’ con- 
tention in regard to the disposition of the fuel sprays, 
viz., that when working at high mean pressures with 
the opposed-piston engine it is necessary to arrange the 
fuel sprays as close as practicable to the pistons. 


(To be continued.) 


THE INFLUENCE OF ANTIMONY AND 
ARSENIC UPON ADMIRALTY GUN-METAL. 


The Effect of Increasing Proportions of Antimony and of 
Arsenic Respectively upon the Properties of Admiralty 
Gun-Metal.* 

By R. T. Rote, F.I.C., Member (the Metallurgical 
Research Laboratory, Messrs. W. H. Allen, Sons and 
Co., Limited, Queen’s Engineering Works, Bedford). 

(Concluded from page 691.) 

The Effect of Antimony on the Hardness.—Shore and 
Brinell hardness determinations were made on both 
ends of the tensile bars, before pulling. The plane 
surfaces on which the tests were made were finished by 
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MAGNIFICATION IN ALL CASES 150 Dramermrs. 
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A481, were examined and were photographed, at the 
centres of the bars, and in the same relative position in 
each bar. There are no very marked differences between 
the structures of the four. Fig. 7 shows the micro- 
structure of the alloy containing no antimony, and this 
structure may be ed as quite sufficiently repre- 
sentative of the alloys containing, respectively, 0-5 per 
cent. antimony and 1 per cent. antimony, the photo- 
graphs of which are therefore not put on record. It 
is only in the case of the 1-5 Ee cent. alloy, shown at 
Fig. 8, that there appears to any special tendency 
towards the segregation of a greater amount of eutectoid 
at the crystal boundaries. In this alloy, too, the quantity 
of eutectoid appears somewhat ter. 

The chill-cast bars Al1C,, A2C;, A3C; and A4C), were 
examined and were also photographed, at both the 
centres and the outsides of the bars. No appreciable 
differences in structure can be noted as the proportion 
of antimony increases. Fig. 9 is from Al1Cj, the alloy 
containing no antimony and represents the outside of 
the bar. It is,-however quite typical of the others, of 


ped | which the structures are therefore not recorded, As 


compared with the sand-cast alloys, the eutectoid areas 
are smaller and more evenly dispersed, while in no case 
is there any evidence of segregation of eutectoid to the 
boundaries. 

As would be.expected, a slightly coarser structure 
is obtained under the slower conditions of cooling pre- 
vailing at the centres of the bars. It should be noted 
that the white constituent is not all eutectoid, but is 
partly alpha solid solution, in which a smaller quantity 
of the former constituent is set. In chill-cast gun- 
metal, however, a magnification of 150 diameters is 
insufficient to discriminate between the two. 

The Effect of Arsenic.—This impurity frequently 
occurs in commercial copper, and it is usually through 
this medium that it is introduced into Admiralty gun- 
metal. It was therefore decided to make three series of 
alloys in which the arsenic was added at the expense of 
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Hubert’s No. 1 emery paper, it having been found 
that no differences were obtained in the average Shore 
re by finishing with either No. 0 or No. 00 paper. 
All Shore figures the author quoted are a mean of seven 
determinations, and all Brineli figures a mean of three, 
with a pressure of 500 kg. The efficacy of the Brinell 
test on gun-metal is, however, rather invalidated by the 
fact that the impressions are not truly circular, and it 
is therefore y to e the diameter of a 
icular indentation in several different directions 
‘ore being certain of even an approximate result. 
(The results obtained were tabulated in the paper.) 
They are rather irregular, and have therefore not n 
otted as curves. They show, however, that antimony 
is a hardener of -metal, and this tendency is fairly 
well shown in both sand- and chill-cast alloys. 
The Effect of Antimony upon the Microstructures.— 
The sand-cast of the melt, A1S;, A28;, A38; and 


* Abstract of a paper read before the Institute of 
Metals, at Barrow-in-Furness, on September 6, 











the copper. In these experiments a change was made 
in se Seber, Rio Tinto B.S. being used instead of 
Bibby’s. For the pu: e of adding the necessary 
proportion of arsenic to the respective melts of gun-metal, 
@ cupro-arsenic alloy was first prepared by melting 
20 Ib. of copper and adding to it } lb. of arsenic metal 
lump, ouipatied by the British Drug Houses, Limited, 
by which means an alloy was obtained containing on 
analysis 3-42 per cent. of arsenic. 

A ‘complete analysis of the copper used for the manu- 
facture of the cupro-arsenic and later for the preparation 
of all three alloys is given in the next column. 

Three different compositions were then made, a melt 
and a re-melt being obtained from each. Each melt 
was of 50 Ib. (The quantities of the different con- 
stituents taken were stated in a table.) The residue 
from each melt, after casting the sand and chill bars 
(two of each) was run into ingots, which were run down 
as a lot without any further addition, and 
described as re-melt. The micro-pieces were cut off 
the top ends of the arsenical test bars, both sand and 
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chill, instead of the bottom ends, as was done for the anti- 
(Fig. 1, page 690 ante.) The compositions 
aimed at and the complete analysis of all the six alloys, 
from re-melts, actually 
obtained, were detailed, the author adding that an 
interesting point about this series of alloys was the 


monial bars. 


three from melts and three 





ete “a 
a en a 


Fie. 10. Sanp-Cast Arsenic Series (MELT), arreR PULLING. 


The test-barts are, from left to right in pairs, as follows: A1S; and g (0-04 per cent. 
arseni¢), A2S; and » (0-42 per cent. arsenic), and A38) and 2 (1-01 per cent, arsenic). 





Fic. 


12. 


almost exact coincidence of the arsenic figure actually 
found with that theoretically existing in the respective | melts, the increase 
alloys, as determined by calculation from the pro- | of arsenic appears to 


portions of this impurity in the component metals. 


Rio Tinto 
B.S. Copper. 

Per Cent. 
Arsenic eee 0-056 
Antimony and tin nil 
Lead ... trace 
Iron... 0-014 
Bismuth nee oii nil 
Sulphur, nickel and zinc traces 
Oxygen, &e. ... its 0-030 
Copper 99-900 

100 -000 
Copper results (vol.) 99-87 
Copper results (vol.) 99-93 


This demonstrates that, contrary to a quite commonly 
held belief, there is no loss of arsenic in melting or in 
re-melting gun-metal. The same variation as in the 
first series of tests is shown in the zinc figure, in one alloy 
a very low result being obtained in both melt and re-melt. 
Only traces of antimony occur in any of the alloys, 
while the other impurities are fairly constant and are 
about as in the case of the other series. 

The effect of Arsenic upon the Mechanical Test Results.— 
Some of these sets of bars are shown in Figs. 10 to 12, 
as follows: Fig. 10, sand-cast arsenic series, melt, 
A18; and 2 to A38; and 9, after pulling; Fig. 11, sand- 


Cuitu-Cast Arsenic Series (RE-MEtT), BEFORE MAcHINING. 


The test-bars are, in pairs from left to right, as follows : B1LC, ‘and 2 (0-04 per cent. 
arsenic), B2C; and 2 (0-42 per cent. arsenic), and B3C; and 2 (1-01 per cent. arsenic). 


|melting gun-metal 


| as ingots and the 


cast arsenic series, re-melt, B1S; and 2 to B3S; and 2, 
after pulling ; Fig. 12, chill-cast arsenic series, re-melt 
B1C; and 2 to B3C, and 2, before machining. 

The results are plotted in Figs. 13 and 14, and present 
some peculiarities. Thus the results from the melts 
of the sand-cast bars are very different from those. of 


| dogmatic as to the maximum quantity of this impurity 
permissible. Here the author feels that it is safer 
to rely upon the results of a large number of foundry 
tests, especially when considerable . sup) as to the 
correctness of the deductions from t is to be 
obtained from the results of the present research. He 





Fie. 11, Sanv-Cast 


The test- are, from left 


—_ «=| —& = ot 
—s 


Tons per Square Inch. 


| the re-melts. In the 


jlead to a falling- 
|away both in the 
|} ultimate stress and 
| elongation figures, 
| while in the re-melts 
|the results for all 
| three alloys do not 
| show this tendency, - 
j}and the results are 
all very much the 
same as each other. 
This may be regarded 


| as an argument for 


Percentage Arsenic. 
Fie. 13. 

Sanp Cast. 
| twice, the first time curve (3), representing yield 
second time for the 
castings, and this 
practice is some- , 
times actually employed. It is, however, an expensive 
and quite unnecessary process, if materials of reason- 
able purity are used. : : 

Disregarding, therefore, the question of melting twice, 
except in so far as it arises in the use of a certain amount 
for returned scrap, it appears that in sand-cast gun- 
metal arsenic is a prejudicial impurity. 

It is a little unfortunate that the arsenic results are 
much more irregular than those of the antimony, and 


figure for elongation per cent. 





for this reason one would have preferred to have the 
results of a greater number of bars before being too 


‘bars to right in 
arsenic), B28; and 2 (0-42 per cent. oa 






Arsenio Sgriss (Re-Muvr), arrer Povire. 


as follows; BL 2 (0-04 per cent. 
and B38; and 2 (1-01 per cent, arsenic). 


18 







— — — = 


a4 of 
~ £ . 
a 6 
19° % 18 = 
2. bo 
16% z IS; 
yQ 
143 = 145 
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fo) 


Percentage Arsenic. 
Fig, 14. 
Cum. Cast. 


Curve (1), representing ultimate stress (melt); curve (2), representing ultimate stress (re-melt) ; 

nt (melt); (curve (4), representing yield point 
(5) representing elongation (melt); curve (6) representing elongation (re-me' 
Admiralty minimum figure for ultimate stress ; 


ted ; curve 
it) ; ’ 
--, representing Admiralty minimum 


would therefore limit the proportion of arsenic to 0:3 per 
cent. 
In the chill-cast bars, no very pronounced correlation 
occurs between the mechanical test figures and the 
ar sys of arsenic (see Fig. 14). 
(The results from the 1 per cent, arsenic alloy were 
compared with Johnson's figures* from his alloy of 
approximately the same composition.) As to the dis- 
* Joaraal of the Institute of Metals, No. 2, 1918, 
vol, xx, pages 176 and 177. 
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erepancies between these results, the same remarks 
apply as in the case of antimony. The author does 
not regard a figure of 23 or even 19 tons as fairly repre- 
sentative of the gtrength of chill-cast gun-metal con- 
taini 1 per cent. of arsenic, nor 15-5 per cent. as 
typical of its ductility. 

The effect of Arsenic upon the Soundness of the Castings. 
—No difference in this respect was observed in the 
sand-cast bars either of the melts or of the re-melts. 
The same remarks apply to the chill-cast bars of the 
melts ; but in the re-melted bars containing 1 per cent. 
of arsenic unsoundness occurred, as is shown in Fig. 12, 
of the bars before machining. The author would, there- 
fore, apply a limiting figure of 0-4 per cent, for arsenic 
in chill-cast gun-metal, in order to ensure soundness. 

The effect of Arsenic upon the Hardness of the Gun- 
Metal.—No satisfactory deductions could be drawn 
from these figures, although all were determined, as in the 
antimonial series. The results as a whole were so 
irregular as not to be worth putting on record, and no 
conclusions could be come to as to the effect of arsenic 
upon the hardness of gun-metal. 

The Effect of Arsenic upon the Microstructures.—The 
microstructures of the sand bars, A18,, A28; and A3S8i, 
containing respectively 0-04 per cent., 0-42 per cent. 
and 1-01 per cent. of arsenic, are shown in Figs, 15, 16 
and 17, These were taken at the same relative positions 





Fic. 15. From Bar AlS,. 0°04 per Cent. : 


ARSENIC. 


in each bar. The first two do not show anything 
abnormal as regards either the quantity or the dis- 
tribution of the eutectoid, except that Fig. 16 shows 
possibly a slightly greater proportion of this constituent. 
Fig. 17, of the 1-01 per cent, arsenic alloy, however, 
does reveal a peculiarity, which is chiefly one of arrange- 
ment. There is, however, some support of the statement 
that the eutectoid areas are larger than in the other 
two cases, in that in three or four places, as shown, 
there are several large cavities left by the tearing-out 
of this brittle constituent during polishing. Apart from 
this question of quantity, the eutectoid areas are much 
more linked up to each other, and are regularly arranged 
80 as to form a series of parallel lines of the white areas 
which areas are not all eutectoid, being partly eutectoid 
and y secondary alpha, in which the former is set, 
this being quite clearly seen in the original photograph. 
It is considered that in this awh ape es structure 
the material is weaker and more brittle, and breaks down 
considerably earlier than when the eutectoid areas are 
smaller, less linked up, and are instead dispersed in an 
irregular manner through the mass of strong and ductile 
solid solution. The author in his previous paper laid 
much stress upon the greater quantity of eutectoid 
existing in arsenical gun-metal, and although this was 
undoubtedly the case in those he had previously figured 
and in others not included in the paper, this would appear 
in the light of the present work to be by no means the 
whole story, because the arrangement of the brittle 
constituent seems to play a considerable part. 

The chill-cast alloys, AlC;, A2C,; and A;C;, were 
examined and were photographed at both the centres 
and the outsides of the bars. Fig. 18 is from A1C, and 
represents the outside of the bar. The white areas 
are, as before, a mixture of eutectoid and secondary solid 
solution, which are not very well differentiated from 
each other at this magnification. The actual eutectoid 
areas are smaller, and are much more evenly distributed 
through the mass than in the case of the sand-cast 
material. There is no tendency towards segregation 
of the eutectoid to the crystal boundaries; while the 
structure is slightly coarser towards the centre of the bar. 

In the 0-42 per cent. arsenic alloy, the structure shows 
no marked differences, and the same remarks apply as in 
the last instance. 

Fig. 19, from the 1 per ceat. arsenic alloy (outside 
of bar), should be compared with Johnson’s Fig. 4* of 
his corresponding alloy, which it closely resembles ; 
although, as before shown, a similarly close agreement 
in the mechanical test results was not obtained. It 
should be noted that in this alloy, in the case both of 
Johnson’s and the author’s figures, the same regular 
arrangement of the eutectoid areas is seen, as has already 
been referred to with the 1 percent. alloy in the sand-cast 
condition, 

Conciustons. 

Antimony.—In sand-cast gun-metal, the effect of a 
progressive increase in the proportion of antimony is 
im the direction of hardening and embrittling it, also 
& progressive falling-away in the strength and ductility. 


With 1 per cent. antimony the ultimate stress figure 
approximates to, while the elongation figure falls just 
below, the minimum laid down by the Admiralty specifi- 
cation. Therefore, the maximum permissibl t 
of this impurity appears to be in the region of 0-75 per 
cent. There is no apparent effect on the soundness of 
sand-cast gun-metal containing up to 1-5 per cent. of 
this impurity. No difference in microstructure areas 
observable. In chill-cast gun-metal melted once the 
same effects as regards ultimate strength are seen, but 
modified by the chilling. In metal which has been 
melted, twice, chill castings containing increasing — 
portions of antimony are increasingly unsound, t 
showing this tendency to an abnormal degree with the 
1 per cent. antimony alloy. In chill castings, the 
limiting proportion of antimony from the view-point 
of soundness may therefore be ed at about 0-75 per 
cent. No differences in microstructure can be correlated 
with the variation in the proportion of antimony. 
Arsenic.—In sand-cast gun-metal melted once, the 
effect of a progressive increase is to cause @ progressive 
falling-off in the strength and ductility. For the main- 
tenance of a safe margin over the specification minimum 
figures, a maximum of 0-3 per cent. of this impurity 
should not be exceeded. In re-melted gun-metal rather 











different results were obtained, which have been fully 
dealt with elsewhere. There is no apparent effect 


Fic. 16. From Bar A28,. 0-42 per CENT. 


ARSENIC. 


Fie. 18. From Bar AIC, (ovrsmpe). 
0-04 per CENT. ARSENIC. 
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on the soundness of proportions of arsenic up to 1 per 
cent. The differences in microstructure and their 
correlation with the mechanical test results have been 
fully dealt with elsewhere. In metal which has been 
melted once, chill-castings containing up to 1 per cent. 
of arsenic show no indications of unsoundness. In 
metal which has been melted twice, chill-castings con- 
taining increasing proportions of arsenic are progressively 
unsound, A proportion of 0-4 per cent. arsenic gives 
sound results, while with 1 per cent. of the impurity 
the reverse was the case. A limit of 0-4 per cent. is 
therefore at present suggested, although it is naturally 
possible that with a figure somewhat higher than this, 
sound chill castings might still be obtained. In chill 
castings no differences in the microstructure can be 
associated with the variation in the proportion of arsenic. 

The author desires to express to Messrs. W. H. Allen, 
Sons and Co., Limited, his thanks for their permission 
to publish the results detailed in this paper. 

APPENDIX I. 

The author feels that some explanation is necessary 
for the very low figure for arsenic, 0-056 per cent., 
found in the case of the Rio Tinto copper used in the 
arsenic series of experiments, because it was this brand 
of copper for which he gave an average figure of 0 - 30 per 
cent. arsenic in his original paper,* to correlate with 
the results of a large number of experiments on a foundry 
seale. This figure was the mean of about a dozen 
results between September, 1913, and September, 1915, 





It appeared justifiable to conclude that the average figure 
for arsenic in this particular copper was about the figure 
quoted, After Mr. Johnson’s original paper was pub- 





9 
a, 


* Journal of the Institute of Metals, No. 


1918, 
vol. xx (Plate XV) (facing page 177). 





? 
-* 


* Journal of the Institute of Metals, No. 


1918, 
vol, xx, page 264. 


lished, as he appeared to have come to rather different 
conclusions as to the effect of arsenic, the author touk 
further steps to verify, if possible, his own previous 
conclusions, and among other things directed attention 
to the proportion of arsenic in Rio Tinto copper. 
It should be noted, however, that the further analysis 
were being made some three years later than the last 
analyses quoted, and therefore there is some doubt as 
to whether the composition of this latter material can 
in any case be regarded as representative of that 
previously dealt with. Results were given by the 
author, obtained from three different ingots drawn at 
random from each of three different consignments of 
Rio Tinto copper, delivered September and November, 
1918, and which were examined as regards variation in 
the proportion of arsenic only. Some of these results 
are decidedly higher than the figure of 0-30 per 
cent. arsenic that has been previously given as repre- 
sentative of this brand of copper. Now comes the 
remarkably low result obtained in the particular sample 
of this copper used in the arsenic experiments. Of the 
correctness of this figure there is no doubt, because 
exhaustive attempts have been made to find more, but 
without success. It is, of course, possible that a change 
has taken place in the composition of this copper during 
the intervening period, but there appears even now to 
be a much greater variation in the arsenic‘figure in this 


Fic. 17. From Bar A38,. 101 per Cent. 
ARSENIC. 








Fie. 19. From Bar A3C, (oursmpe). 
1-01 rer CENT. ARSENIC. 


ErcHeD wiTH AcID Ferric CHLORIDE. 
OneE-THIRD. ) 


particular brand than would be expected, and Mr. 
Johnson was quite justified in his doubts* as to the 
constancy of composition of a brand, although it will 
be seen that the data in the possession of the author 
at the time led to a quite different conclusion. It may 
be that metal from different sources is marketed under 
the same brand, as to which the author has no informa- 
tion ; but if this is so, it must be rather a disturbing 
factor in ordinary foundry work, especially when no 
proper metallurgical organisation is available. 


APPENDIX II. 
Note on Etching Reagent.—In all cases the acid ferric 
chloride solution used was of the following composition : 
Ferric chloride ... aw led 
Concentrated hydrochloric acid 
Water ont oss 


10 grammes. 
20 c.c. 
- 100 c.c. 


With arsenical gun-metal, particularly the 1 per cent. 
alloy, @ black deposit is formed on the surface of the 
specimen. This can be partly removed, with advantage, 
by rubbing with the finger. It is suggested that, by 
means of this effect, a rough estimate can even be made 
of the proportion of arsenic in the alloy, by comparison 
with the behaviour of samples in which the amount of 
the impurity is known. This tarnish has been pre- 
viously noticed by Smalley} in the etching of arsenic 
brass, and is also referred to by Johnson{ as occurring 
with arsenical gun-metal. 





* Journal of the Institute of Metals, No. 2, 1918, 
vol, xx, page 274. 

+ Journal of the Society of Chemical Industry, 1917, 
vol, xxxvi. 

t Journal of the Institute of Metals. No. 2, 1918, 
vol, xx, page 184, 
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the tion shown, the ports on the of the 2 are in 
. ENGINEERING7ILLUSTRATED ParEuT |‘ 580 Porte leading from —_ ~ AEs 
RECORD and the ports on the left of the 2 are in register 
W/ scavenging posts, eo the alr le mected into the cylinder a-en 
angle 3 means main scavenging 
cea 7 a A 17, 9 thrusts the exh Us gases out of the cylinder 1, 
SPEOIFI UNDER THE AOTS 1907 AND 1919. the four exhaust po: n exhaust pipe 19. 
Oa TIOny In its Ne tne ne oS ee 
each case ; rises until its upper edge closes the upper ends we main 
sca 17. The prol central ports in 


ELECTRICAL APPARATUS 


Barr, London. Electrical Water-Heating 
Elements. (2 Figs.) May 7, 1919.—The invention relates to 
hes elements of electri water heaters of the type comprising 
ne oF CS. Oe Snens ground 0 Sheek: et nea Bee 

tected on each side by additional sheets of mica and enclosed 

in a flattened metal tube. In accordance with the invention, 
the resistance is wound in the form of a double course thread 
around serrations on the central mica sheet so that both ends 
of the resistance terminate at one end of the mica sheet, the 
ends of the resistance being secured to this sheet by rivets, the 
current being supplied from the terminals by way of metal strips, 











the whole being so arranged that the mag ge including 
the terminal connections, is of flat form heating element 
consists of a resistance ribbon @ wound around a flat sheet of 
mica 6 formed with serrations to receive the resistance, the 
resistance being wound similarly to a double course thread so 
that both ends of the resistance terminate at one end of the mica 
sheet. The ends of the resistance a are secured to the sheet b, 
by rivets d, current being supplied from the terminals by way 
of metal stri On each side of the flat sheet of mica is pro- 
vided a p ing sheet f, g, the three sheets being secured 
together bya riveth. The heating elements so formed is enclosed 
in a flattened metal tube closed at one end. (Sealed 


GAS ENGINES, patel a rg &e. 


148,011. Frederick Sa ed, London, and 
A. G. Forsyth, London. (6 Fue) May 8, 1919.— 
The invention relates to means for cooling the essen of internal- 
combustion engines of the two-stroke cycle type, such as semi- 
Diesel engines, of a comparatively large size, and more particu- 
larly in which a hollow piston head is formed with ports through 
which air is passed. According to the — the + 4 
of air passes through the piston. ports in the hollow 
piston head are so disposed that when nent piston is in its outermost 
position and cold compressed air is to for scav 











awe. J 





ports in one side of the coincide with 8 in the cylinder 

wall communicating with the su o” ua . 

= in the piston coincide with ports in the cylinder wall ope 
to passages in the said wall 

80 as to bse ye! with the 
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the ports the piston 1 head is furnished with cross- partitions. In 


venaing jonged the 

piston 2 are still respectively in register with the air supply 

port 12 and the ee — 15. ra Pager wy — to 
these still coolin, . press 

poo Leyte of the’ automatic ~ Aang i my then allows 


| AY pass through ie tne 
so-called supercharge of air being Gra suppl 
passages 21 are so disposed that they remain open for the 
necessary time after the exhaust ports 18 are closed. The 
the compression stroke, the fuel is injected through 

the valve 4, and firing takes place. Beav enging again commences 
during the down stroke as soon as the exhaust ports 18 are 
uncovered. The valve 20 being now closed prevents the exhaust 

ty. passing into the piston and contaminating the air 
or the next charge during the short period in the down st 
during which the recharge ges 21 are uncovered before 
the exhaust parts are uncovered. (Sealed. 


148 046. R. Ricardo, London. Cylinders. (2 Figs.) 
July 22, 1918. ~The invention relates to "internal-combustion 
engines in which both the inlet and exhaust valves are dis 

in one and the same side pocket. According to the invention, 
the cylinder is formed with a flat head which is arranged so as 
to permit between the cylinder head and the piston only the 
minimum clearance which is necessary for mechanical reasons. 
A valve ket is situated at one side of the cylinder bore, and 
is soraatd do so as to constitute the combustion space or the major 
portion thereof, and a port or passage which has substantially 
the same area as the inlet valve port. serves as a prtamae vines md 
between this combustion space and the end or bore of the 
cylinder. That portion of thes side pocket which carries the valves 
is formed integral with the cylinder and the head of the cylinder 
" preferably detachable. A cylinder A has formed eet aed “ 

t at one side thereof the inlet and exhaust 

constituting a side pocket in which are the valves Palves Bi and cL 
The head D of the cylinder is formed detachable and is machined 
flat so that at the end of the cylinder A there is provided as at E 
the least working clearance that is mec cally necessary. 
In the flat face of the detachable head D is serene | a recess Dl, 
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which is Shaped as shown. so that its wall D2 ma 
roughly to enclose a triangular space with rounded angles. The 
greater part of this recess D! lies over the valves B1 and Cl, buta 
rtion of the recess overlaps the end of the cylinder A. The over- 
pping portion constitutes a port whose area is approximatel 
pony to that of the inlet port controlled by the valve B!. 
ye plug F is mounted about the centre of the recess D1. 
le head D is provided with a water jacket, and 
this head may be connected to the cylinder in some convenient 
manner. the construction embodied in this invention 
involves the formation of a thin layer of more or less stagnant 
gas which is entrap in the clearance space E between the 
a head D the piston G, since this small clearance is 
made the minimum which must be provided on purely mechanical 
grounds, this layer of is so chilled that it does not burn 
com y, and is therefore ea k lost from a thermodynamic 
point, but on the other hand, for the same reason it cannot 
detonate. The thermodynamic loss in question is negli 
practice, as the volume of gas in the clearance s' 8 rela- 
tively small as compared with that in the remainder of the 
combustion space. (Sealed.) 
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MACHINE AND OTHER TOOLS, SHAFTING, &c. 


148 ,066. - C. Taylor, Hounslow, and W. Divine, 
worth. Fd, (5 Figs.) September 11, 1919.—The ‘inven- 
tion relates to centre lathes and consists broadly of a lathe having 
a slide rest carr , of which the main saddle extends under the 
bed and is slidably supported at both sides of the lower portion 
of the bed. The lathe A is constructed in cross-section in 
the form of a truncated triangle, the top and bottom faces and 


Fig.1. 






































r the base of the triangle being machined 


and surfaced to provide for slideable en ment with the tail- 
stock C, and with the saddle B of the rest carriage, whic! 

saddle is slidably su from the under portion of the bed A 
It will be seen that t 
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46,672. Biythe, Johannesburg aa 3. , Johannes- 
wenn’ J. Bi Holman, 
gd BY 1919.— 


Rock Drills Figs.) 

ine invention relates to rock-arilting « > liquid 

from a chuck into a hollow et int ‘the roi 
1 "indicates the chuck body which is mounted on or formed integral 
to the socket in which the tel te 
In the bottom of the socket is a hard steel bolster 5, 
and 6 is a renewable half-bushing for the socket. Water is passed 
from the bore 7 of the piston tee ee oe 
and tl r 5, into the 3, whence it 

4. 


a hole in the bol: 
along the bore 10 of the tool Accord to this invention, in 
order to prevent leakage of water between tool and the chuck 


body, the socket 3 is counterbored to form an annular recess 11. 
recess is inserted a resilient Avg wy bey RE 12, the ae oe 
tnteenal Staapeter of which is such that easily pass 
ie made for The ring fe closely in the rece 11nd provtaton 
com ing sa! ng to cause it to ea tight joint 
wath fap wells of is rencen 11 nua With the suvlane of the tool é- 
For so compressing the ring use is made of the means by which 


orm 
1, ttibiea 





the tool is secured in the chuck, said means consisting in the 
present case of the well-known combination of a pad 138, U-bolt 14 
and wedge 15. The roe 11 is positioned to intersect. the 
opening 16 a SS hich the pad 13 enters the chuck body, 
and the is recessed at 11a to complete the recess 11. Upon 
the pad being tightened down by means of the dy rong 15 its lower 
aauve Slee ieee pote apie he age hold the same, and at 
the same a@ compresses the packing 
ring 12. The packing ring is ie" therehy displaced and forced into 
close contact with the enclosing surfaces 
of its recess 11, thus effectually preventing the passing of fluid 
from the rear end of the socket %, Se re through the bore of the 
Upon the pad being loose: 


oe 6 eueting,} at wall of xX corre- 
opening ae wall o 
ody the back end of the pad is flat. 


2. (Boaled lA ~— and consequently cutting 


MOTOR ROAD VEHICLES. 


Adin, Ryner . B. Wilson, 


146,714. London, and W Eltham. 
March 17, 1919. —The invention relates to 
" 8 


the spring device is l 
underframe o other B a dapernny mem r of the vehicle, whilst 





by a casting or distance-piece g, which is pared to receive 
a device capable of carrying the extremity of a fixed member of 
the vehicle, and capable of as well as vertical 


movement in such coupled a distance- may be 
cross-head which is 

Piece g 
in the long axts of the device, such casting be 
the ends of such trunnions terminating in a suitable keep nut. 
The recesses in which such nuts are housed ea caeces 
Fh cap. The crosshead is journalled u 
of a fixed member of — vehicle oot ns 
movement t 


hereon. 
ition within po ky a s nut ane 
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Sloper, Devizes. Wheels for Vehicles. 

(5 tye) “ape” 17, ry —The invention relates to wheels for 
to the invention, arim or band is provided 

with a winding of wire secured on it in one or more layers round 
its outer face. The band A ts a channelled band having circum- 


Fig.1. 
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42 ation nd with its laps slightly spaced 
2 y wou ts tly 9 
apart. The wire B is served with or ha on ' 
wire C of smaller gauge and the 
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say, is formed without, projections upon which to raise the wire. 
The two ends of the wire B may be secured as shown at D to the 
In building up such a band tyre the 

..C, is applied cound the outer face of the 

band A and the rubber portion E is thereafter built up on to the 
band, thus wrapped with wire. The rubber is forced in between 
the laps of the wire and is finally vulcanised in position, the 
vulcanisation being carried out in the usual manner. (Sealed.) 


PUMPS. 


147,283. G. Handley, London, P. W. Bulleck, 
London. Rotary Pump. (5 Figs.) April 16, 1919.—The 
pump is of the rotary pendulum type, and the novel feature 
consists in the method of ting the pump as a twin pump 
when it is desired that a slow-s pressure pump shall be 
driven from a high-s; shaft, for example, a dynamo shaft 
or the camshaft of an internal-combustion engine. The invention 
is particularly applicable in the case of a boiler-feed pump where 
a slow, 3 y supply under p is required, or for forced 








Fig. 1. 


























lubrication. WA, A are the casings of the twin pumps, B the 
eccentrics and © the pendulum-rotors thereof is a bracket 
having a plate E whereby it may be secured to the frame of any 
plece of machinery or object. The pomp casings A, A are 
provided with cylindrical projections F, adapted to fit into the 
correspondingly-shaped ends of a chamber G in the bracket D, 
the casings being held in position by bolts H. In bearings in 
the bracket D there turns a shaft L having fitted thereon a worm 
engaging a worm wheel N on the common driving shaft O of the 
two pumps. (Sealed.) 


RAILWAYS AND TRAMWAYS 


148,065. S.T. Gresham, London. Buffers. (4 Figs.) 
September 11, 1919.—-The invention relates to buffers of the 
kind in which the buffer eects is guided on a - ogee ing 
through a cradle within the telescopic tube of buffer, the 
cradle and buffer proper being retained by a collar on the 
end of the spindle. According to the invention, the cradle, 
in which the head of the spindle loosely fits, Instead of being 
secured to the telescope as hitherto, is carried directly upon 
the buffer face or head, and thus the connection is not subjected 
to shear. A cradle A is shown formed integrally with a buffer 
face B secured to a flange D on the outer end of a telescopic 
tube E. A spring-guiding spindle F is located in the tube E and 
extends at its inner end through apertures in the base of the tube 
and the wall of the vehicle, where it is secured by a nut and 
spring J.. The inner end of the tube E is itself secured to the wall. 
The outer end of the spindle F is provided with an enlarged 
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spherical head K which forms a usual ball-and-socket joint 
with a counterpart seating in the base of the cradle A. A lateral 
opening L is formed in the cradle to allow the spindle with its 
enlarged head to be passed into the central aperture M in which 
the spindle end bears. To prevent rotation. of the spindle F 
while the nut is being adjusted, the former is provided at its 
outer end with an extension M which is adapted to engage a 
radial rib O within the cradle A. Although rotation of the 
spindle is in this way prevented, its lateral movement is not 
interfered with. The opening L is so dimensioned as to clear 
the extension N when the spindle is being passed into position. 
To minimise rotational movement of the buffer face B relatively 
to the fixed portion of the telescopic tube, the usual single buffer 
spring is replaced by two opposite-handed helical springs P, P1, 
mounted on the spindle F and arranged in compression between 
the base of the tube E and the inner end of the cradle A. The 
springs P, Pl, are separated from each other by a collar R loosely 
mounted on the spindle F. (Sealed,) 


146,797. E. S. Luard, London, and V. P. Rawlings, 
London. Couplings for Flexible Pipes. (1 Fig.) July 15, 
1919.—The invention relates to conplings for connecting the 
flexible pipes of vacuum brake apparatus on railway vehicles, 
of the kind in which the packing ring is held in the coupling by 
o——s an annular flange on said packing ring, between a rear- 
wardly facing surface on the horned coupling ring or collar and 
a torwardly-facing surface on the tubular member to which the 
flexible pipe is clamped. 1 is the end portion of the flexible pipe 
and 2 the solid collar lon ge the usual coupling horns 4. 5 is 
the usual clip or clamping ring which embraces the pipe end, 
6 being the clamping bolt ing through the usual or any 
suitable lugs 7 on said clamping ring. 8a is an internal tubular 
member or sleeve. The packing ring consists of a tubular body 
portion 11 with a joint-making portion 12 at one end and 
an outward! te annular securing flange at the other 
end, The joint-making flange 12 lies inst a sloping face on 
the collar 2, and the flange takes behind the collar 2, and is held 
there-against by the tubular member 8a. 25 is a cylindrical 


metal sleeve which fits snugly in the bore of the tubular packing 
ring 11 to back up said ring and render its unauthorised removal 
more — 


adapted packing 
ring 11 and the ng face of the recess 8b in the tubular 
member 8a. It seen that the liner 25 extends forwardly 
or outwardly of the coupling to the point where the joint-making 
portion 12 begins to;flare or splay ontwardly. For securing the 
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collar,2, withthe packing ring, to the tubular member 8a when 
the parts are assembled, the catch members 19 are turned to the 
position shown, and their heads are sprung into the above- 
mentioned depressions, the resilience or spring action of the 
flange of the packing ring firmly holding the catch members 
in the position shown. The pipe clip 5 is next placed in position 
and locks the catches 19 with their heads in engagement with 
the depressions. (Sealed.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


147,350. A. E. L. Scanes, Ashton-on-Mersey, and Metro- 
politan Vickers Electrical Company, Limited, West- 
minster. Steam-Condensing A tus. (Fig.1.) July 16, 
1919.—The invention relates to apparatus for removing condensed 
steam from surface condensers working under vacuum, of the 
type wherein the condensate is withdrawn from the condenser 
by means of a hydraulic ejector and discharged into a tank or 
the like, from whence it is removed by means of a hot well or 
boiler feed pump. According to the invention, the pressure in 
the tank or hot well into which the condensate is discharged is 
maintained lower than the pressure existing in the condenser. 














1 indicates a steam condenser, the condensate from which collects 
in the well 2, and is withdrawn therefrom by means of a hydraulic 
ejector 3, which discharges it into a closed tank 4. Water from 
the tank 4 is extracted by means of a pump 5, a portion being 
supplied through the pipe 6 to operate the ejector 3, and the 
remainder being discharged to a feed water heater or direct to 
the boiler through the pipe 7. The pressure in the tank 4 is 
maintained lower than that existing in the condenser 1 by means 
of an air extracting device 8 illustrated as being a steam ejector. 
The air outlet 9 from the condenser is connected directly to the 
The water in the tank 4 is maintained at the proper 
level. An auxiliary supply of make-up water to the tank is 
provided. (Sealed.) 


145,320. Babcock and Wilcox, Limited, London, and 
A. Spyer, London. Liquid-Fuel Spraying Device. (6 Figs. 
October 7, 1919.—The invention relates to liquid-fuel spraying 
devices for atomising and injecting oil in the form of spray into 
the combustion chamber of a furnace. The novel feature consists 
in interposing between the open end of the barrel and the distri 
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bution plate a removable diaphragm formed near its periphery 
with an annular recess and 

pameae of fuel through the dia 

uel is free to flow along the tange: slots to the central chamber 
in the distribution te, from which latter it emerges through. 
the central orifice of the cap. 1 denotes the barrel to which is 











fitted a cap 2 having a central orifice 3. In register with the 


orifice 3 is a central chamber 4 in a distribution plate 5, having 
tangential slots 6 extending from the central chamber 4 towards 
the periphery of the plate. -7 denotes a- ; nd 
between the slotted plate & and the interior of the barrel 1, the 
ee? being formed with an annular recess 8 and with 
perforat' communicating with. the recess 8.. The slotted 
plate 5 and the diaphragm 7 are readily removable so that a 
aap or a diaphragm of one form may be readily substituted 
1999) plate or a diaphragm of another form. (Accepted July 7, 

147,402. Maschinenfabrik Oerlikon, Oerlikon, Switzer- 

id. Steam-Driven Vehicles. (4 Figs.) December 3). 
1919.—The invention relates to a turbo-generator installatio:, 
for locomotives. The installation consists of a main group aii 
an auxiliary group. The main group furnishes current to th: 
driving motors of the vehicle, whereas the auxiliary grou; 
generates the exciting current for the main group as well as th: 
current for the auxiliary machines, such as ventilators and pum)s. 
The main = - consists of a steam turbine 1, and a polyphase 
generator 2, which supplies current to the driving motors of « 
vehicle. The auxiliary group consists of a steam turbine 3 and 
a direct-current generator 4, which supplies current for excitiny 
the polyphase generator 2 as well as to several auxiliary motors 
which are not shown in the drawings. The steam is admitted 
to both turbines through the common main 5. The steam can 
be shut off by means of valves 6 and 7. The speed of the main 
group 1, 2, is variable with the speed of the vehicle. The main 
group cannot be put under load unless the auxiliary group 3, 4, 
supplies the exciting current ; the exciting current, however. 
must not be arbitrarily switched off or on, since otherwise it 
might happen that the periodicity of the driving motors would 
not coincide with that of the main group, thus causing breakdow1 
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and damage. To prevent such trouble the inlet valves 6 and 7 
in the plant under consideration are so interlocked that the main 
group cannot be started until the auxiliary group is already 
running ; and this latter cannot be stopped until after the main 
group is stopped. To start the vehicle, the valve 7 of the 
auxiliary group is opened by hand. The inlet valve 6 is opened 
by oil pressure transmitted through a pipe to the es aa side 
of the piston 10, whereby the valve 6 is opened against the 
pressure of a spring 11. Both main and auxiliary groups are 
provided with their own oil pumps, the pipes of same being 
connected together. The devices allow the main turbine to le 
started only when oil pressure is available, i.e., when the auxiliary) 
turbine is running. In this way, the proper sequence of the 
starting operations is ensured. To obviate breakdown and 
damage to the machinery, provision is also made for preventing 
the auxiliary turbine from being stopped until the inlet valve 6 
to the main turbine has been closed. With this object a three- 
way cock, which admits the oil to the piston 10, is set in 
such a manner that when the pipe is open, the hand wheel of 
the valve 7 cannot be brought into the closing position. Con 
séquently, as is requisite, the main turbine has to be stopped 
before the valve 7 of the auxiliary turbine can be closed. (Sea/ed.) 


MISCELLANEOUS. 


147,339. TT. {F. Redington, Thornton Heath, 
H. B. Collins, Westminster. Spring-Driven Mechanism. 
(3 Figs.) December 16, 1919.—The invention relates to spring- 
driven mechanism of the kind wherein a pair of springs is arranged 
with one end of one spring fixed, and the corres ing end of 
the other spring operatively connected to the winding means, 
and to the member to be driven, and the opposite ends of the 
springs are connected to interconnected rotatable drums. 
According to the invention, oe ete mechanism coni- 
prises the combination with a pair of interconnected and coaxial 
drums and a pair of es gy wee ey | coiled springs, one disposed 
in each drum and each connected at its outer end to its drum, 
of a rotatable spindle projecting into one or both drums and 
having the inner end of one spring connected thereto, said 
spindle also being formed to receive the winding key, the inner 
end of the other spring being connected to a fixed spindle or pin 


and 
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projecting into the centre of its drum, and means for connecting 
the rotatable spindle to the member to be driven, comprising 
a ratchet wheel mounted on said spindle and operating a tooth 
wheel through a pawl. Within the framework consisting of a 
front plate G and a back plate D, se ted by distance pieces I., 
are arranged a pair of drums Al, A2, loosely mounted on fixed 


within the 
drum A2 and its inner end 





also constitutes a winding pin. ( 





